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COAST COMMUNITY COLLEGE DISTRICT, COSTA MESA, CA 92626

.

o AN ORAL/AURAL TERMINAL FACILITY

T. CLEMENTS '

-

[

ABSTRACT: The Coast Community College district isscurrently in the developmental stage of copfiguring a

. telephone-to-computer "Oral/Autal” terminal f ity which uses both Synthesized Voice Output and Voice

\ + Recognition technologies. The Voice Output side of the facility is pow installed within the Administra-
tive On-line System. It interfaces with touch-tone input ‘to provide query capabilities for Counselors

. and.other'district officials, tThe plan, of course, is to eliminate the touch-tors constraint and allow

the users to vocally specify their commands,

This paper deals with the district's experience to date

<

w

. as well as the current deveiop‘mntal concepts.,

»

1, INTRODUCTION ! *

L s we trace through the evolution of data
,procéising, it is interesting to consider the
growth of man-machine communications, for it ¢

. . is a mutation in which fan has Been ever;

deminant., Instead of yielding to the ma
native tongue of endless' ones and zeros,

‘., have cultivated nunerous translators, \

interpreters and decoding devices to bring the
machine closer tp our dialogues, thought *
processes and perception. The evengual yltimate

: in communication is umknowh, However, a facility

hine's

P A i Tox: Provided by ERIC
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« Voice Synthesis provides many advantages
over the mentioned traditional systems, the
most notable of whi¢h is that there is no limit
on vocabulary size. Woxd/prenunciation tables
can be easily stored on disk, The structure

used at the Coast Community College district uses'

an ENVIRQN/1 Byte-string file and accommodates
the area of 8000-10,000 words with their
phonetic codings pér cylinder of 3330 disk.
+Another attractive feature is that an' intgr«
" active procedure may be quickly déveloped to add
or refine vocapulary,as it is being accedsed by
other-tasks. ' X

i |

which allows man. the comfort of “conversing' . . cer 4 .
with the machine 'via his oral and aural (heating) ¢+ | erocman | e .
. senses is now close to a reality, ‘ R determines , . )
* T “ Y T ¥56 number SELECT ¥5C n —A-‘_—‘UMO—_IEPQ:_—S_% = . !
* ‘Audioc response or ''talking” systems are not ) === N
. ) new. Voice Output became a practical reality in™ °- s P"'":““ - .
... % ¢  the mid 1960s and enjoyed a mild spurt of T - Thrases . .
- popularity. These early implementatidns (which , W patagraphs |
. for the sake of later-delineation might be ' FESPONSE ‘ oo .
" termed Traditional Audio Response) were L AXALOG PROCESS '
composed of sophisticated: storage 'systems which ¢ . '
were "loaded" with pre-recorded syllables, - . ,
o, words, phrases or perhaps.full paragraphs. - : . '
Each,"sound unit" was addressable. A host ., .
: - program then would:issue a request :for a .
4 particular unit and it would be“output or more . , .
properly, "played'. In general, it was an . - .
analog procedure. ° N ~ ’ v -
. * - A more recent development’ is’ the Voice , [PROVNCIATIONG 'V(X:A‘IUIMY .
Synthesizer. This equipment differs from the |u:(m ‘m;cwc h!
Traditiordal Audio Rgsponse systems in that ¢ N Tooks up .
there are no pre-stored, pre=recordéd sounds. - =" werd *PHONEMES OF $SG* VOICE -
It reacts only to digital excitement, The host . /|~ phoneres F= : | SYNTHESIZER | .
program determines the phonetic structure-of srticulatipn | >
its output by means of a vocabulary lookup ~ £sibeD " DIGITAL PROCESS y
procedure or pronunciation algorithm and sends + SPHE . K .
a binary string of appropriate pronunciation » T Bt - :
<odes to the device for articulation: Fijure one ’
- is presented to illustrate the difference ‘. t.
- between the two Voice Output techniques, -
J ' Figure 1: Audio Responsé vs Voice Synthesis
’ v T ! ’ .t
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_natural language.

-
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The'ability to iynamically create sentences
within 3 host program must be considered a
valuable asset. That is, qonstant text may be
spliced with variable data to create a megningful ’
output st&g{. . '

~

Perhaps the wost convincing argument in
favor of Voice Synrbesis is its economy. The
distriét currently uses a synthesiter called
VOTRAX, It is a product of the Vocal Division
of the Federal Screw Works and may be purchased
for $3500-$4000, It is well under the cost of
the other Traditional Audio Response units
comparable to IBM's 7770 which starts at a
$60,000 figure and can go as high as $230,000.

The history of Voice Reeqgnition is mainly
all research and experimentat systems, The
objective seems to be a truly cognitive facility
capable of distinguishing all words, their
meanink and the context in which they have been .
used - to respond to unconstrained speech.n a
The research continues today.
Advances in the art of pattern recognition
and natural language processing have undoubtedly
been’helpful, but there are still many
obstacil®s which need to be overcome. However,
there are a few qommercially available systems
which are recent "spitn-off" results from this
research and'within certain appiications they are
an attractive input device. In the early months
of 1976, systems capable of recognizing any- s
where from 16 to 144 words are in commercial
sérvice"from a handful of vendors, (IBM, by
the way, is rushing to join this market. They
have had an experimental prpgram since 1972,
Supposedly, the goal of their effort is a voice-
driven typewriter system capable of delivering
rough, first-draft-type documents,}

hsidé~froﬁ the obvious edmmypication . >.

advantages, computer voice-input ‘offers some
ther assets which might not be thought of

" hpediately s One of these is that as a
cle¥k is Hhs;\)qeztting vocally,  her hands

are frge to work“with source material -
whereds in the traditional on-lipe data entry
sitvation ler hands were needed py the tele- .
typewritér.- Consider also, thatjVoice entry
ninirfizes persohnel fraining andimay eliminate
the Tequirement for the clenN t have typing
skilds, [N .
The.district has recently prqcurred a VE 200
Voice Recognition, System ftom thq Perception
Tochnology Corporation., In-its cprrent 3tate,
it is capable of distinguishing a\ocabulary of
16 words. The standard vocabulary includes the
digits zero thru ning and then six- specified .
control words such as “enter", "cancell,
nrepeat”, qtc. The system is not limited to
thesc words, only to the overall vocabulary
sizé"of 16 words/utterances. Larger
vocabularies may be obtained my inereasing
memory gize. It is capable of hapdling any
defined user's speech pattern peculiarities
with _accuragy above 95%. .

The rest of this paper shall cdﬁceﬁtrate
on the operational characteristics of the
speech processoig mentioned previously, the .
) N L.

5
resources which they require, and a method of
soupling the two to provide an Oral/Aural ter-
minal faciligy. '

2, 'THE VOICE SYNTHESIZER . . =~ ‘.

Phonetic coding for the VOTRAX Voice Synthe-
sizer is shown in Figure 2, the device reacts
directly to a coded string of phonemes. (A . |
phoneme is the smallest unit of speech.) There.
are also pausing and inflestion codes which may
be included in the string for clarity., Note .*
that the phonemes ané pauses only use the low -
order six pasitions of an eight bit configura-
tion. Inflectiof codes utilize the high order
two bit structure and are properly OR'd to a

- phonene for a desired.sound. ' The example shown

for pronouncing the word HELP-indicates the

* pecessary inflection/phoneme notation and the-
resulting binary codes. The H sound, of coufse,
mhst be stressed; thus a"level 3, high

inflection. Note also that two phonemes are
required to accomplish the diphthong vowel
i sound. .
~
. 2 ]

>

.

P THERE ARE PHONEMES, - o

PHONEME NAME * BINARY REPRESENTATION -
AW (as in_ law) ‘00111101

, AH (as in car} ., 00100100
AY (as in eight) 00100001
AE (as in cat) 00101110

. B (as in’bpok) 00001110

: etcivas L, - ceee

etc.... ’ R R

» PAUSE CODES, B .

- o, ) .,
= PAUSE NAME BINARY REPRESENTATIOQN:

PAp  (short pause) 00000011
PAl (med. pause) 00111110
PA2 (long pause} . 00110000
+ .
» AND INFLECTION CODES
: INFLECTION .- EEFARY REPRESENTATI?N
CINDL _(low) 10000000
2 fnqrnal) . 11000000
IN3 'Ch}gh) . 00000000 °
IN4  (higher) ’ © 01000000

EXAMPLE: The word HELP is constructed as
Y * follows: ‘ T
1 o .
tinflection' 3 1 1 1 1

phonéme

L\ .

. "= binary 0001104 10000001 10100011 1001100,
. 10100101

Phonetic .coding and its binary

Figure ‘2:
. rdpreseritation
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The device obviously belongs in a real-time
environment, and’ there are many ways it can be
confjhured. The district has initiai voice-
output configuration as shown in Figure 3. #The
synthesizer interfaces to a Bell 403 data set-
and subsequent acousti¢al touch-tone intefl

actipn. L
TFRMIAAL
CONTROL
INIT .
RS232
VOTRAX VOICE , . )
| svvmiEsizER R
' —
)
1
RN
TOUCH TONE' //i/ l \\ AN
TELEPHONES /. ¢ | \

; /// / ‘ N

a \\\@9

i
i

Figure 3* Voice Synthesizer and touch-tone
T interface.

4
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Figure 4 expands the view of the voice out-
put to include ‘the host computer and the
auxiliary storage needed to store vocabulary.

¢+ ENVIRON/1 is a Data Communications and task
nagement software facility obtained from
INCOM Systems, Inc. The district uses

his package for its on-line admimistrative
pplications. The product also contains a
uperior disk accessing method <called Byte-
tring files which has been used effectively
to storé*Wcappulary. The vocabulary table.
is structured with a prime hash algorithm.
It has been given the acronymic-name PHAST -
(Phonetic Hash Table) and has proven to be’
an' expedient organization for the random
access imposed by thé Lookup procedure.’ The
table i® maintained at a load factor below
70% to enhance search perfotrmance. The
average search is accommodated by 1.8 probes.

N

2,

. O

18 -

L s

'4rid, because of the-virtual nature of
ENVIRON/1, searches for common words are often
resolved in buffer store.

-

N

O y o1 370/15s
i . -
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O ' ENVIRON/1
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TOUCH TONE USERS . PROCEDURE

*

1

4 b

P : —
~ | PHONETIC
HASH ,

TABLE
» (PHAST)
\__/

© Figure 4: ;)ios; System with Voice Output
Configuration, .

'
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A rather. traditional Lookup procedure is
used. The application program involes this
procedure with a text/senteficé character
string parameter. Scanning determines the

" text elements. If a numeric is detected, it is

testad to.see if it is eveniy divisable by 10
(modulo-10), If this is thecase, the,leading:
digit's ?honemes are concatenated with the
phonemes of its place indication. For instance,
the numeric text 700 would be propounced
“sgven" "hundred", If an application program
desires place indication verbage in its output,
it purposely uses this logic. For example, if
the value 1,234 is sent to the Lookup pracedu
*as 1000 200 30 4, dt would be pronounced as £f§
one thousand" "two hundfed" "thirty" and thén

. “four", Numeric text which is not modulo-10 is

pronounced digit by dig%t.
t : . ’

* When a "word" or more properly a string of.
contiguous characters bound by separators, ,is ‘
detected, it is used as a séarch argument jnto
the PHAST vocadulary:" If the.$earch is
successful, the associated function of phonemes
is output. Otherwise, the word is pronouriced,
gr spelled, character by character,

L
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Separators are used to issue natural pausing.
The présence of a period effects a long pause, a
comma obtains a mediunt pause, and all others
such as hyphens, ‘colon, blank, etc. result in
° . a short pause, i

Mention might be made at this point about
an automatic pronunciation algorithm. Bell
Laboritories has published accounts-of a
program which produces Synthetic English
Speech by Rule, Although the speech
produced is not inflected, it is intelli-
gible on at least 97% of running text. It
contains some 750 pronunciation rules and
N requires a lexicon structure for words whiéh

- «are determined to be exceptions to the rule. .
This is a promising effort. ) L.

.o

3. THE VOICE RECOGNITION SYSTEM '
The VE 200 Voice Recognition System is

. composed of three major units; a small "ear

box" containing thesspeech ptrocessing |

i circuits, a Digital Equipment PDP-8/E mini-

computery and an’interface betwﬁj? the two.

* The system processes a word within 160 milli-
Seconds after vocal input of the word hqs
ended. Its maximum rate is 120 words p&r ,
minute, allowing at least 1/5 of a sec Bd
between words, It is ahble to accept
input via microphone or telephone with equal
accuracy. The output is a four bit TTL comw

« patible register which presents the recognized
" word as a binary coded number from § to 17,.

. .
Word processing is accomplished by deter-
mining a spectral distribution,of the speech
g .. 51gnal and then passing it through a bank of
’ six bandpass filters. The filtered] ptputs are
,rectified, smoothed, sampled every 10 mittée_
seconds and stored into the PDP8, The mini-
computer then calculates linear combxnat1ons
of the six channels and tabulates them to
4 form the x-y data points of a two dimensiopal-
space, .
i Operationally, the system can be divided
intp two general modes; Training and .
Recogn1t1on. It rlust, of coirse, be informed
(or trained) of the 16 application words and
v each particular user's-unique pronunciations
before it cai ever be expected to recognize
then.  J
- .
" Each user must go through a Training .
session with the equiprent’. Usérs having
multiple applications. need.to undergo
training for vach vocabulary.  Training
* sessions are quite straight forward - the
system is placed into Training mode and
then prompts the user to pronounce the 16
Jords of his application vocabulary, in
* sequencé, one at a time. This process is
then repeated two more times so that the |
system has had an opportunity to "hear" tha )
pronunciation of each word three times. The
purpose for the repetition is to recognize
possible variances.in the pronunciation. ,
The final tabulation"is called a User
Voice Termplate. ’

’ )

E RIC

Aruitoxt provided by Eic: .

When the system is placed in recognition
mode, actual word identification is made by the
computer c%ppar1ng ng the pattern of the received
speech to the patterns within the User Voice
Template currently resident in its memo¥fy,

The closest association is chosen, and its word
sequence number (0~178) is output.

. - ... VOICE, .
N SIGNAL
¥ wEARBOX" ’
ANALOG .
FILTERING -
. . § * Y
POP 8/M
[ 2

PATTERN ANALYSIS

N '4——5 .
USER , | TRAINING  |{gf ‘
* \'[¢] ICE ;*—-‘u:- . - HORﬁ
> .} TEMPLATE | RECOGNITION NUMBER
. : COMPARISON *
! [ i 4 3 N

Figure 6: Voice Recognitiop System ngline
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configuration whi
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4, THE ORAL/AURAL FACILITY i .

h has been labeled the "Oral/
Aural" terminal; a combination of the ‘two vocal
processors mentioned previously, *The user's

Figure 7 is plesented to show the district's

. single device is his telephone - and this is

\:';;

x

ERIC

. T ~

only for conveniente, as' he ‘could also come to

the computer facility and talk 'into the system

with a hardwired microphpre.®
There are four different procedural/data

paths within the configuration. The first one

indicated is the Voice Output medium ("a")

described earlier, The next path "b" TOUCH

TONE INPUT is an option for those users with

a touch tone telephone. Should this option

be selected, only the voice response side of

the configurition is used, That is - the

tope input; the application program process; ‘the .

tone input; the application program process; the

word lookup, procedure; and then the "a' path

of digitized phonemes back out (fef. Figures 3

and 4), - )

USER " ° ﬂ . .
f TELEPHONE [ .
. \D »
s

“tion path "d",

The, voice-in/voice-out option utilizes
paths "a", "c¢" and "d". Once the user is = *
identified, his template must initially be
loaded into the«PDP8 via path "c"., This 1s
accomplished by realizing the user's sigmon
number (described later), accessing his
template stored on disk, and then outputting
it to the minicomputgr's reception. This *
process, of course, enables the VqicE Recogn)-

Words may them’bgSspoken,
analyzed, and numerically incoded (0-17 ) on to
the host system. Voice response to thé input
is accomplished through the aforementioned '
lookup proceduré and output path "a",

A note should be made that the "c" path is
also used for device control from the host
ENVIRON/1 system, The "d" path is also used
as a result of Training sessions to store -user
voice template on disk for subsequent accéss.

- a9 1
—+ i 3705 - * 370/}155-11 gs:_/v51 .
. T P hntet SRR ¥ Sumnanbdaind -
Bl |- | VOTRAX i ,I . - .
. fe VOICE | ENVIRON/1-
403E 1 b ! |
SYNTHESIZER |———* \1\\ : .
S . l . .
v ‘\\ \k a I 2
4 N ‘b ~ . I P
~ | PERCEPTION o . ) TN ]
TECH. . x L. C .~ l .
VOICE RECOGNITION N P /. a . . |
. __TL‘_, , . L . i < . . ! -
, IR -t c 'S r;(P;:L. . S .-
, . : d ‘e
' —_——— e / "
, " . ¢ . )
L a=VOTRAX PHONEMES OUT -
. b=TOUCH TONE INPUT N o
. . c=VOICE TEMPLATES *OUT
<, " dsVOICE INPYT s
R ) Yalso TEMPLATE INPUT) -
» ) - . ' ’ 0 . . *
[N o -
’ : VOCABULARY ‘ R
. .o - -TABLE ’ .
Yo . * -
* “ . . - PR S «
R * ' v - . [ N
Figure 7: 'Cowfiguration of the Oral/Aural Terminal Facility’ ;’ .
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. . . y !
Unique procedures have been created (by the - VEﬁDOR/EQUIPMENT REFERENCES -
vendor) to initially identify a User and his ’ N
sign-on account number, A special "Joe . * VOTRAX Llectromic Voice Systems ¢
N Average' template is established, This Vocal Interface Division

templatg contains only two words. The words
are digit names which have relatively
opposite phonetic structure; for example, =
¢ "two" and "five"., The template is dewvelgped
. during a special traiming session in which
: as manv users as canbe accumulated are

Federal Screw Works, Troy, Michigan 48084

VE 300 voice Entry System.
Perception Technology Corporagion
Winchester, Massachusetts 01890

. ENVIRON/1 w .o
: requested to speak (input) their pronuncia- CINCOM Systems, Inc, :
) tions of the digit sounds, - Cincinnati, 9hio 45211 ’

'S -

User sign-on account numbers are ' -

constructed solely with the two selected
digits and have a deterhmned fixed length, 9
Recilling the earlier example and assuming ]
a sample length of <evqk (7}, some typical

. account numbers might be:; 2552552, 5525552, N >~
‘ 2223225, ete. The number of* possible - )

. acvount, nurbers within this scheme would be n

wherd n is the fixed length, ’.

- L . \

¢ After system jnitialization and also after . .
every user sign-off, the "Joe Average' template - . - .
is stored into.the minicomputer to wait for a .
subsequent sign-on, The reliability of this | : b -
template is surprisingly good, However, should
an erroneois number be received by the host ' ‘ 5
system which paintains the user registry,, the e . :
user‘is prompted by the voice output tp speak?
more distinctly and try the sign-on again. T LN
Should the second try fail again, the occurrence )
is output to the Computer Operator's console | AL ..
log and instructions are sent to the Oral/ . ‘

&ural configuratioh to hang-up the line.
N

. . L . -

: S. SUMMARY

‘#hat has been presented in a model: At ‘this ) e
writing in early 1976, 'the configuration does ¢
not physically exist. Thd'voice-optﬁut side °» o
~, is operational in a student information inquiry
* application. The voice recognition system is
. operational in a stand alone mode only and
work still remains fo be done on the host ’ l
. system handling ‘procedure$, Unfortunately, . o
. the corfiguration's development is often ) ¢ N
.. get aside becalse of other priorities. ' ' . *
Tt is hoped, however, that a performing . . .
configuration will be demonstratable by the - . ] .
end of 1976.

- ¢ -
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MICROCOMPUTERS IN T:E EDUCATIONAL ENVIRONMENT:
~ AN AFPLICATION IN FINE ARTS < ‘
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ROBERT D. GREEN

. CONSULTANT .
2971 MAGLIGCCO # 10
) SAN JOSE, CA 95128

|l

~

o
STRGT:  The microprocessor- decendant of inexpensive caléulator technology, is finding its way,
into a myriad of applications in our lives, from electronic games to grocery scales. Using it
along with familiar types of support circuitry, inexpensive and yet relatively sophisticated '’
computers: microcomputers regult. Some of the history and impact of these microprocessors
and microcomputers in the fisld of education is discussed along with a practical application.
The application is in the area of textile and fabric arts, namely a weaving simulator.

"%

Pick up virtudlly any computer or electronics
publication and you will find a barrage.of ar-
ticles, columns and advertizements regarding
the microcomputer, !any of you may be intim-

ately familiar with the microcomputdr and micro-
. processor but let me review,the terms and

. describe the history of the beasties, That way
those already familiar can understand me bet-
]ter and those who arertt can catch up. "

+ ' N ‘
{As in much of’what we do, there is an apfirec-
, iable fuzzy area in the terminology sprrounding

what I mean. I use the term microprocessor
\deacribo a family of elsctronic components
that provide the basic computer-like digltal
.operations, That is performing an operation
or series of operations in response to a ooded
ctione I am certain that thers ars :
much more elegant definitions but I am
" purposely being vague, so as to incude a wide
varisty of components available,They rangse
from little more than a four bit slice of an
arithmetio-logic-unit ALU) to a virtually
complete gomputer devioe oontained on a sillcon
, ohip roughly five mm, on a side, Nons of these
_—-devices can operaté oomplstely alors, all req-
uiring some form of input and output devioces,
When oorbined with these devices, I refer o
* the result as a mlorocorputer. .

* Eaoh ,of us probably has a different mental .
oorcept of a midrocomputer bases on our pre-
oonceived ideas about corputers, Most modera
oorputing devices have four reoco bxu‘aa
features that ave found in the 000! rs

1, An arithmetic-logiq-unit (ALU) that
sotwally orms the required operations
on appropriats operands, : ¢
2. A stored program which exsdqutes the .
operation instructions,
o3¢ A readabls_and writable stqrage area,
L. Some sort of input and outpul to the
Youtside world",

\tha microprocessor. Therefors, let e deﬁ.r}e ,

w

Let us look at the cheapest (that I know of) |
sophisticated miorooorputer availabls to
identify these features, Tyblcal total

‘price? About 7,95 dollars at any-good discount
store, This harvel of electronios is the

.. pocket salculator. ILooking at the topology of

integrated cirouit within the unit you almost
always can identiy the logic area (ALU), the pro-
‘gran area (Read-Only Memory), the storage area
RAM), and the I/0 oircuits, The integrated
*  circuit has been purpossly designed with these
features in mind so that the manufaotureer will
have the lowSst total oosts as I will explain
later, THINK ABOUT THIS: the calculator as a
mdcrocomputer oomplete with input and output
_davices represents probably the largest volume
growth of oomputers in education.that we will
ses for soms tims, I'1l talk about other appl-
* Joations shortly. - : .

It appsars to me that there is primerily
one reason we will see the inorsasing use of
the miorocomputer in educations oost, Sure - \
oheap computsrs will allow all kinds of '

odmputer training to occowr at &ll 1lsvels but
it is stil) practical only beoause of low
doste In addition, the -motivation behind: C e
the recent rapid development of the mieroproc-
cessor has been the sams desirs to lower
oosts, In the late sixties (1968 and on)
the ssmiconductor industry was perfeoting the
teohmiques of large soals integration (ISI)
using ietal cxide semiconductor technology (MOS)e |
This allowed the implemntation of many electronio
functions on a singls device, drastioally reduoing
the muxber of oomponents required, Promissd re-
duoed systen oosts brought, scores of cust-
omers to the supplisrs, each with his unique
set of requirements, Mjor problems inaggrred

. at that time were minor logio errors

" or human srrors in translating logic into cir-
cultrys The net result was, however, substantial
debugping and redesign oosts along with associated
delayss It became evident to the ssmiconduotor

. » ' 2
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acturer rather quickly that two th:!thga were
happening: .~
~ 1o He had

ad many custoriers whose applications N
wore very simlar; differing only in details,
This was partioularly trus of caloulator
acturers, . .
2, He wes having to maintain a ladge amount
ol his resources devotad to dstecting minor er- S

-

“reinventing the whesl."

Apparently the idessof using a computer-like
approach to the application of caloulator
cirouits were develecped by several companies .
about the sams tims, Howsver it is apparent tha
Intel Corporation was the first to publically
acknowledgé the faoct that the resulting oircuit -
was useful in many types of applications besides,

a caloulator and advertized as such, The circuit
was announcod not as a oal ¢ ulator clrcult set

but as a rdoroprocessor, . "

What advantages resulted from this dsvelopmant?
Well first the M3 company oould have a famify
of %oirouits that did not have to be completely
redesigned for each custorms. The ALU part
was the sams for all and the customer oouldw
£i% this processor to his application, |

rors whioh often did not relate dirsctly tg-some
" custormer requiremsnt, In other mfdaﬁom .

" Many times the anly changes required were on

an extermal progran storage ROM, Other more
subtls cost savings occurred as well, For .
instanoe the task of mask generation and check-
out was reduoed, test gemeration was simplifiad,
cost reductions that result from largs production
rmns of 4 ciroult remilted, documentation was sim-
plifisd and on-and.on, '

Perhaps one of the finest advantages was that sikoe
the actual operation‘control was stored in a ROM,
the whole systenm could be simlated complstely
using all of the corponents exoept the RO, A
§OM emulator which is basically a read-write
memory was hooksd up in place of the RM and any
progran faults o be chafiged before bullding
the actial ROM, Early attemptesat-#mlation

of oustormsr ciroults before the,mloroprocessor
vero often only approximate and soistimes took
longer to check out than to build the actual
m. d *

Y ges? Of coursel lany potential users
be, dismayed because of low oiroult speeds,
tive instruction sets, word size and th
mdllarity with such a device, However,
slightly different approash to their probe
1sn allowed econowmical use of the mloroprooessore
Input and output to the early mloroprocessors wes.
not always easy so-that there was a large adownt
of support cdroultry required.And yet the revolution
and a revolution it is = was begqun, : .

-

- .

AND NOWo oo

Newor tdoroprocesaor deaigns with bit lengths K
16 bits and speeds ranging ever higher are avall-"
able nows Fopular eight bit mmdoessors in n=¥0S
teotmology haye shortest Instruction times of

less than two microssoondse Soms devices require

2

only ons power supply and most have a wide -
varisty«of support ciroultry, For instanos,

16 to 2 1ines of programmsbls input and

output are availabls in one packags with pro-

parity bits. Direct msmory access controllers,
reprogrammable ROMS, programmbls timers, a

mass of new "standard” oircuits are appearing .
daily,

Thers are ricroprooessors that simlate
the instruotion set of corputers liks the FDP 8, .
There are microprooessors which have all dif-
farent Hnds of address modes: immediate, P
direot, extended, relative, indaxed, Soms have
intermal stacks, miltipls acoumlators, you name
it, Some aliow pariphers to be trealed as a . ' *
memory address. The features are endless. -~

It is, in faot, truely remarkable that the '
devices presently avallabls are so powerful .
an we may be sure that .even better devices are

on their way. Becauss so much information is *

readily avallabls, I will not go into specifios

about these devioes in this paper. ’

Ok, so the olrcults are there, are they cheap?
Almosti] In single quantites memufacturer reps
aro selling soms microprocessors for $30° op less. o
They are selling kits which contain ohipsets

{usually enough to get them to do something ‘

at around $100 and ups But for the person who

wants his computer relatively complete, the

prios tag starts about color TV rnage ($250 up).

elly you say "thats pretty chegp" and it is,

_A cleaver person can accumilate enough other - °

electronios to ace this computer to keyboards,

TVs, typewriters and the like, If he has a teler,

3

" type or a large checking account to buy one

(2 to 5 times the Goat of the computer kitl) he

can hook right on, An entra) s playground,
there are already Iter ds of companiss
lying hardware, s peripherals, .

kits, lessons, lsotures and whatever else you
will buy. There is a computer store next to
a plant shop not far fron me}

~ d
There are cheap computers availabls and thiU
in itself is a revolution. The possibilities
for the teaching of comprter operation, of loical
thought, and of games are staggering, But I 3
belisve there is more in the wings, Already o
the personal calculator has Invaded the oarpus .
and school roomooom“ a slids rule? This is
a nmurber orunching eduscational tool. I am for

a 1ittle thought to get the microqomputer

.out of the oomputer-think applications and !\to

more tools. Peopls over the are
starting to do this in their hobby rooms and
olubs in soime areas of art: msic, postry and .
pattern generation, With minicomputer 1ike power
available, ¥ts ooting. How about.soms-other  -- -
applications in ¢dusation, How about tecahing -
machines, elsctronio tutors, ... What Jobs cost \
monsy that wonld cost less dons eleotronically?
What tasks coulll be done both bstter and cheaper?
. I belisve the mioroprocesgor and miorocomputer
will provide many such inexpensive solutions ,
o ' ' .
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ﬂ .
In the toaohing of hand'anv‘lng on a loom, one of

0

the moqtdi.fficultthingstohamiah«togm—
srate pattermns, As is éxplained below, only dertain
c tims of treads may bé manipulated at any
tims sp the design is said to be loom constrained.
On even simple looms, however, the nurber of oonb:ln-
ations of weaving patterms 'is endlsja.
There is a method of tranaforming a desired pattern
into ’f weaving procedure called pattern drafting.
fmportant that the student lsirn this skill
-so that full use of the loom can be achisved.
However, until sonsiderable expsrtise is achisved,
the only good way to oheck a pattern draft is to-
——weave-it.- The student must._go through the long . . &
and error prons tasks of threading the loom, tying

4

S —yp-the-controls-and weavings —If-only then-an-errar — .

is found it is more or.less biick to ground zerv;

In an edusational environment, this means delays

up to a weak and wmecessay use of the looms, Since
looms are.relatively expensive, the teacher is

. prone to ignorthis important part, of weaving

or to limit the class size or to spend more cap-
ita.lo ‘ ~

@

A Y

-
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I have attempted to demelop a tool whioch will al=
lisviate the above problem, tith it the,student
or artist can similate his threading, tisup and
weaving sequence in a matter of minutes using

d kéyboard as an input and a standard televisin
reoeiver as an output, The goal of the syubam
was a ‘bare-bones" ap;n-oaoh to the hardware.

-To mxderstand what the aixmlator mst do, let us
reviavw the bdsic ooncepts of weaving. A weaving
oomsists of a-lengthwise sdi| of threads (the warp)
and a crossuise £111 of threads (the weft). The
woit 18 holdinp]!a.oonndthe patterns do‘velopdﬂ
.‘by pa individuel warp|thrends either over .
themi‘t This® /mderrecultiaao;,-,
by raising se ¢ varp threads ore
*tho ahm'.tlo cm'yiné the weft is thrown,
lifting pf each warp thread is ocontrolled
ﬁmlﬂ. novable pisce calleda hdjidle, The uarp
v is threaded through the heddls. In gormon hand
looms used in olasses the heddle my be cormected
to an actusting pisos called a harness. There
are tisually 2,4 er '8 harndsses on a loomy Typloal
wayp oownrts of, 2 to 15 per inoh are common.
On a N harness loom, from‘one to N=1 harnesses mey
be lifted at sach shuttle throwe To further al d
» the weaver , a seriss of footpsdals is provided |
. 80 tha} one ore more harnesses can be lifted
. w}thmaotd.m o'aoyoudon'tmdn«-lhmds\
»\*or‘rm). Ties are called'treadles. )

fhe weaver mst dewnﬂ.ne whioh wu'p thmads st
., be Iifted at each pass of the s b=
"' tarn-oan be done o an N-harmess- ook, there

be-1i- o less cotinatiots of hamess MPting
required (ignoming tapestry tecimiques). With
oomplax patterns it i easy to see’how hard this
is, to deterxtine, IBM has a large program devotod
to this\tesk, '

v.lngaa doeoribedsave
te grid where the
the weft could be

»

o~
4

a0

ix of smes and zeros oonpla‘holy deacrihes
the mattern If given the paramters of density
color and thread size of the warp and whft,

Computer d?oromu-aeandywnmrknoﬂ
that sgme oonmm leped from "y
the tencbﬂo

- .

*The microprooessorl used (hoto mieroprpcs
essor not morocomputer) loads,a matrix in
momory with The approprinte pattein as the -
weaving progresses. A keyboard is soanmd'
during the vertical retrace time of the televiaiom
set. X action is required, the processar * |
attonch the task via sidred programs in.ROM. .
“Because some tasks last longer then the

retracs time, the interrupt feature is used

1o _store the progran state in stack until the

next cne. Thare is no notioatg‘ln :lag'ﬁowwar

e e — - e

A typioul session with the similator goes like-
thiss:
1, Clear the machino (automtic if tum

on)e
2+ Set up the warp shade, size and spacing.
3. Set up warp/harnsss pattern,
li, 9t up the harness/treaddle patterns
5 ‘et up the weft shade angd size,
6. Aft a set of harnesses or treaddle.’,
7. Heave. .
St~ps 6 and 7 are then repeated, cﬁapding
the weft specification whem desired. Should
the pattern not be suftable or have a mistake
thers are edditing sequences to make changes
quite painless. The student has an opport-,
unity to experiment and meks errors’withoud -
the frustration of doing it on the loom.

The mioropyoceusor mst keep t ack of the
warp/harnesa threading, ‘togother a1l of
ted and '

the display, approprj.afe ch
demind as well as other book
A featurs also allows the

tat:!.on of 'bho, *a s
available is that the ctly
oontrol the video signal. ‘This is beoduse
there axe too many internmal and
truction ' fetches associaped wi
data for the 50-some microsec
sweep., DMA is,used to output e
words for each’ display 1line, One
to indicate the harneds combination, one for «
the warp information and controi ard the

“other aix for the pattern to,be displayed,
MSI counters and registers ars used to oontrol

» 4+
the DMA,anid video signal gmgration. An ISI /
circuit is used to provide the horizon’ul and .

vertioal synohronizatim.

WHERE NOW? “Tiioh. oan be done to ectent thip ' |

devioo (and increase its.cost), For ins co .
olor may be added with 1ittls more' compl

a talotypo output for hard copy of the
péttern would be nice,

-

’

‘¢ r

'.
Thers are lu'g'o programs

.
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of interactive textile duiaxrronmumd
recently an ifiterresting weaving program <
has been written by K. Huff gt the University

-of Kanses, They both.require. large general

purpose computexs at this time: An advantage .
of my devioe is its sise, cost and closeness
to the sctual weaving process. But I ax most
interested in expanding.the microprocessor
into design areas with capabilities wimdlar

v to the EXPLOR and MINIEXPIOR programs of

Ken Knolton (Bell labs). ‘l'hc nodnh.r design
of the,weaving simlftor will allow ex- v
plomticn (perdon the pun) of this area

df the arts. , :

Ibonmthotiniaripomrtbecreatin
minds in the electronics, corputer and educa-
tional fields tb apply this powerful corponent
in providing new educational tools. I hope it
a challenge to you- ‘it is‘to me.
+

I would 1ike to aknowledpe tle, aid and donation
of ecroprocessor components by American

- Miorosystems Incorporated, Santa Clara, CA.
Their S6800 mioromroocessor forme the baaia

of the equipment daacribod ",

4
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ABSTRACT: The advent of the inexpensive microprocessoy can lead to the development of & terminal designed

. for rather than adapted to the educational
from a basic display tegminal to one that

field.

A resident microprocessor can allow easy expansion
included present input/output devites such as random access:

- visuals, touch panels, audio output, and graphics, while allowing, for inclusion of systems {ao be deve- .

loped in the-future, such as video disc.

. -
I. INTRPDUCTION \
I present this paper with the basic premise that
all present would greatly benefit from the deve-

lopment of what I will call a complete educational <

-

terminal. To parsphrase a statement made in one
. .of “the excellent studies by the University of
. Texas, Project C-BE, "teachers are too often
loaded ‘down with the jobs of assigning, grading,
. - and giving students feedback on homework and tests

o when a good combination of a computer systerr and .

as educational’ terminal can perform these tasks as
well .as or bettér than the instructor. Removing
the mundane chores from the teachers role freeos ¥
the teacher for work in the activities where they
perform begt: providing insight into difficult
concepts, transmitting an understanding of & stract
- iddas, and {ust plain firing up or inspiring
students," (1) ’ .

4 ‘1. propose ‘to spend the next few dinutes talking
about three related subjects. First I will
describs what will bey’ for the purpose of this
talk, a'omplete"computer terminal.developed for
the educational field. Due to thé rapid pace of

- technology I oay inadvertantly leave out some new
.device or another, but the systen will be complete
enough to allow the necessary points to be made,
Secondly, I will try to show soms .of the problens
encountsrsd during ths development and menufacture

. of as complex a systen this. As the prospective

- customer, yau would no ‘not be involved in |

these types of problems, but perhaps this will help

+ you to understand why -there .are no wide ccepted |

educational terminals available presently. an
not forgetting that thers are sdvaral vendors that
have successful installations usinp. general purpose
computer terminals, such as the Chicago Board of
Education's installation of Univao-U-10U"Display
Terminals. I do feel that until an inexpsnsive
) terminal is developed withcthe education Field in
mind, the potential bepafit from CAI will not be
' realized. Finally, 1 1 try %o show how the use
of one-of the newly develypsd microprocessors and
S at1s associated circuitry gan be used to solve the
N problens_alluded to above and lead to developzment
+  of the desired-educational ?éx:ninal. . N
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5, school room.
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II. EDUCATIONAL COMPUTER TERMINAL -~ :
h . '
dhe components in the bagic configuration of ‘our
complete sducational terminal should be a type-
qitér style keyboard and television style dis-
play device. This terminal could <look like Any
numbdr of plain vanilla CRT terminals now avail-
sble. J propose & television style CRT device

** rather>than the newer Plasma Display, because I

feel that until there are some significant breek-
throughs in Plasma Display Technology, the price

of the.Plasma Display will 1limit’ its use in the

This decision mudt bs re-evaluated °
often but is valid now. In order to gain entry
into most school systems, this terminal ‘will have
to be priced in the $2000 or less rangs. The
terminal should bo able to opbrate under control g
of a remote host computer, which may already be
in the system handling pajroll and other,standard
computer typs Jjobs, Tt should also be-able to ¥
operate under the control of & minitoniroller in
the systems where budgets prohibit large main-
frame installations.’ The terminals communication
protocol should be easy to change, to allow
operation on whatever commmicati systen the
customer has in use. Einally, af: all of these
simple requirements are met, the terminal must have
the capshility to be enhanced with all the special

. peripherals that make the sducational terminal
unique. Any or all of the peripherals should be
options, restricted only by the requireients of the-
sc'l3061 systen, .

Educaticnal Pe.ripherials
’ ‘ Input Devices

Most, .of the input devices defined here have the -°

advantage that ‘they are not only effective in saving

time ‘and simplifying a task, but they are also fun

operate. “The first, & touch panel, is & device

t ;.a‘placéd,in front of a display surface and,
4 obstructing the vision of the person

g &Y the display, senses the position of 'a

r dther pointing devite as the operator

touches a on the screen corresponding to " '

the desired\Maput. There are several technologies

that gan be uaed.to develop a touch pansl, most

,of them involvihg placing light sources on & "~

4
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'-\\\ couple of sldes of ‘the display and detect1qg

‘\\\shgdous on the other sides caused by réaching
. through 1 the‘l1ght beams to touch'the display sur-
face.

-

Another input devrbe\that 18 used to replace
or supplement the terminal keyboard 1s the two axis
control stick, or as it is more\ébnmgply knouﬁ,
the joystick: The. joystlck, identical to_the ones

on so many of the computer games, replaces -

cursor pesitioning keys found on most display -

terminals. As the joystick is moved forward or
weockward or left or right, or combinations of

~ these, the cursor (position indicator) on the CRT

moves in & corresponding direction. The joystick .

can be moved to place the cyrsor in the box or

area on the screen associated with the right answer

or ano ired input. A. separate button

is theh pushed to indicate that en answer has been

selected and the student is ready for the computer
£ -to check his or her choice.

Other exotic input devices that may find use
in schools are light pens and graphic tablets.
. Light pens’ are used for the same purposés as the
. touch péngl, but instead of using your finger %o
touch the display, a special wand must be used.
An appl1cat1on and one of the methods of operatlon
of thesgraphits tablet ulll be covered later in
this paper. . .
[}
‘As needs chang/the requireménts on the key-
board nay vary. Kodak, for their Kodak inter-
active Learning Terminal, developed an overlay for
their standard Eeyboand that could be used by very
joung children.“ The complicatgd typewriter style
keybqard was covered by the overlay and only had.
5 or 6 large round keys, each abput an inch inm
diameter, for the stufient to concern himself with.
The student then only had to relate the correct
answer to the number on the key or the color of
the key. Keyboards on terminals that will be uséd
for fore1gn languages, nathamatics, and.some- ad-
vanced science classes, among others, must have
keys on which the symbolic representation can ,
, be easily changed. There must also be a mean®
whereby instructors can develop special symbols
or sets of symbols and represent them on the key- ’
board with relative ease.

Educational Peripherals - Output Devices

The output devices required on the educational
‘terminel are pérhaps not as fun as the input
devices,but they are certainly as unique. I
¥now of no other marketplace, other than education,
for a terminal that s .back and shows still
or moving pictures. All of these are hecessary.
Ac¢cording to a presentation by.D. Monscn at the
IEEE 1975 Region Six Conference "the abzl1ty

, to remember indtructions 72 hours after it is given
is higher if the 1nforpation is heard and seen
rather than e1;her heard or seen/wlone. Recall
aftem3 days in thig particular jstudy was about N
108 is the material was heard, abogt 20% if seen,

. and 65% if both seen -and heard.” 3 This is rea-
sonable evidente that educational terminals must
have both visual and audio outpyt. =~

L]

After listening to several types of computer
stored £nd computer generated audio output
devices it is the author's oplnion that only
570

Q :

.
Aruitoxt provided by Eic: « Pl

‘s.._of parameters.

P

recorded voice is_good efiough to use for.wn edu-
cational terminal. College and setondary school
students may be able to adapt to computer gen- '
erated audio, but grade school children (espec-
ially in the first few grades) might be adversly
effected. In these early years we should be
careful to not confront them with a.learning
.tool that cannot by th® nature of the device
follow all of the rules of diction. Once &gain,
a device developed by Dr. Goddard at Kodak for
their experimental terminaithas & desireable set
The Kodak audio output device,

, Under compﬁter control, can generate any of over

1OQ<;ﬁ nessages, each up to 9 seconds in
length. tlme required to .access each audio

message is quick~enough (under 1/%-secord)
that statements lonéér»than 9 seconds can be
«developed by butting messages togethBr., This
still allows for very natural sound. The com~
bination of a device with high speed random .
access and the tonal quality. of recgrded
voice would seem to be necessary in an educational
termlnal being used by Etuﬂents of all ages. N
There are many way$ to enhance the video 1
- images’ normallv Seen on a CRT dzsplquk The
most coumon’of these is to offerjsome type of
graphic capability.' Agdin, there are several ’ »
ways to accompl1sh this depending on the!appli- )
cation. For gr1mary "and secondary schools the
ability to reproduce’ pictures.of limited complex-
ity may suffice. Upper grades in h1gh school’ .
and -wany college courses may raquire Tather .
detailed graphical rqpresentat1ggs ingluding
color or at leagt gray scale, graphics. Arch-
itecture and perhaps other dources require
detailed’ graphics plus ‘the ability to move and
rotate parts of the display and easily change'
size of all or part of the ¢isplay. .Cost
proh1b1ts a vendor fron offeg1ng one device that
will £i11 all th® requirepents in the school .
graphics 11e1d. 4 complete educational terminal
- would have to have -several options for gfaphics
so that each system would only be charged for .
as sophisticated a system as they required.

-

Graphics at its best will not allow fine . 1

enotigh detail to produce visuals required &t most

levels of school. This problem can be solved with .

, ‘35MM slides, microfilm, or microfiche. Due to the

d1ff1culty in developzng a mechanism that will , )

rdndonmly access siides in the time required o

I will not include a slide projector ih my com-

plete termifial. Concerning time allowed to access )

either an audio or visual messsge, we would hope !

to not make the student wait moxe than one second .

for the device to react. Random access in this -

amount of time has been achieved ih fiche and. '

microfilm mechanisms. Eithsr of these mediums L

displayed on a suitable surface should allow for 1
1
1
1
[

" * black and white or color views of sufficient

detail to fill our needs That is not to say that *
the microform devices spoken of above have been
adapted to an educational terminal, but that

these parameters have been met for other 'appli-
cations and thus could‘be built into our terminal.

Many school systems presently have another vis- .
, ual.output device that has proved ‘effective in ~
certain subjects. The device is the~talevision
monitor that can be connected \to an ed cetibnal ¢

g <
~ 1
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TV station, to & closed circuit TV network,

or to a video tape player. Since our terminal
,is built atound a television style CRT display
devhce it is dasy to provide the extra.control
to_ellow connection as a television monitor.

Of course, it is too expensive a device to use only
*as & monitor replacement, but if it can be used

as a nonifor during” the hours that it is not in

¥se as a terminal, & cost savings should result.

There are several input devices that may be
on only terminals that ake used to generate
lessons. These items could be put on all the
terninals sold but, due to cost, they will
probably only be used on lasson building °

v terminals. The first of these special input
devices is a ics tablet, As we envision
the' tablet g-used, a copy of the picture
to be r sented would be laid oh the tablet

ced with the graphics pen. As the

picturé is traced, the internal mi:rocomputer
would translate the,output from the tablet into
information that allows the picture to be stored
in the host computer and painted on the CRT
screen. (Once the teacher or media specialist
has traced the graphic and is satisfied ¥ith
the representation, a number could be assygned
that picture and it could be included ifi _
lesson ‘plan for the associated course. The oL
other input device that would seem necessary for

- one preparing lessons, but not Sor students .
taking the class is a special keyboard. Lesson
generation would require a keyboard with text .

-editing capability. The ability to insert

"and delete characters or words both from the
line and from the disp‘lag, plus other editing
features, would be essential *for the teacher

" or persop building the Jesson but would be
unneceesary on most stufent terminals.

The’ peripherals I consider to be in the
future include the video disc and a voice imput
device. Although Teldec is presently marketing
a video disc in Germany and several firms are
selling voice input devices; in this country I
feel that neither™of these items are commerically
available in a forn that they could be used in

the cost sensitive educational environment. .

Predictions are-that the video disc players and
the disgs themselves will be commercially
available to the instructional matket with all
serious problems solved.by 1980. That fite into <
,what I would consider not this years educetional
terminal but the next generation of ferdinals
available in.the early 1980ts. I can't even
- guess when voice recognition will be advanced
far encugh that a useful educatiofhal device
will be available.. I hope to someday see &
device tied to & termindl that ahy student could
talk into and the spoken word would appear oh
the screen, along with accent syzbola showing
exactly how the word had been spoken. This sort
of. device would &llow deaf students to.receive
immediate feedback to assist them in voice
training. The video disc and the voice input
device, among others, will be showing up in .
the near future and with these on our minds,

. we will go into the area of manufacturing
problens that have plagued Univac and others

until a shqrt time ago. .
| ]
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MANUFAGTURING PROBLEMS

This section will briefly cover some of the
problems associated with & hardware terminal,

. I define hardwate to medn that each separate
terninal function has it's own area of control
logic that is performed by a number of integrated
circuits and otBer discrete components. There
are three major areas in which problems are
encountered. The problems occur in-definition,
in development, and in field support of the
terninal after delivery to the customer's office
or classroun. ’

Definition Problems

The first problem is encowntered during
initial definition of & new product. In response

. to a marketing request a development engineering

team is assembled to define a product. Given the
constraint that funds do not usually exist to
allow development of many different products, the
functions of, the product that will be built must
encompass a8 broad & range as possible. At this
point, in order to offer a single terminal that
will fill a variety of applications, several things
must happen. First, some of the specific
requirements of each of the individual terminals
must be sacrificed tp hold down the complexity
of the general purpose device. Secondly, for
those specific requirements that can't be sacri-
ficed, the cost and coinplexity of the general
_ device must be irncreased.' This.means that the
product not only does not 'do what you would like it
to, but costs more than it should have to cost.
Some of the problem?s mentioned could be solved'
if a market was established (well defined} and large
enough to support a special terpinal designed
just for that application. Unfortunately, the
education market in the past has not. seemed to
fall into this cdtagory. Banking and point
of salé terminals provide evidence that market .,
sector's do exist that are large enough tq support
individualized terminals. ..

The type of peripherals to be attached to the
basic term must also be deétermined during ™
the defjinition phase. Since each interface to
the termjnal must be well defined, any new input
or cutput device that can't be so defined must be
excluded. Once the interfates have bsen defined
and the product is wnder development, any changes
in the list of peripherals will require develop-
ment to atop while all associated interfaces are

. changed to adapt to the new dewice. The result
of these requirements are that terminals either are
1) released with perjpherals that are behind the
state-of-the-art in capability or are, 2) not
ready on their proposed completion date. The »
educational ferminal haa many unique and rapidly
developing peripherals. Perhaps it has been’
rejected as a development candidate because of
the uniqueneas of these periphersls and their
1limithd application, or because the technology
ralated .t these peripherals is changing so
fagt that it is diffioult to releame a product

.-

with state-of-the-art devices. .
Development Prdblems ' .

¥hen the new product is fully defined some
members of the definition group, plus some
dosign engigeora began to build the product. The
problem encouiitered by this group becomes cne of

~
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tine rather than function, since the functions,?‘
however painfully limited, have been defined for
them. In the development effort there are, with
somg variation,-the following steps. The mech-
anical, electrical; and electrogic design must
be actually built to prove the feasibility of the
initial definitions. After the device has
been tested to the satisfaction of the group, a
najor commitment must be made to pay for all the
too}ing necessary for mass produc .iim of the ter-
ad . .Also, the printed circuit boards that
_contain all the discrete components that are,
in fact, the personality of the device must
be built. The printed circuit cards are the means
.to produce a reliable device inexpensively and
are the major stumbling blocks to a flexible
system. Once the printed circuit (PC) cards are’
available, all of the tests must be rerun to find
all of the areas where, because of the pec-
wlarities of the PC card, the device no longer
perforns the function correctly. Once the mod-
ifications have been made to correct ‘the device
operation 1t is necessary to begin the development
of printed circuit cards that will work without
modifications, This step is required because
modiciations must be made by hand and are, therefore,
very expeflsive, Finally the PC cards that have all
corrections incorporated without hand modification
wust be fully tested in the final version of* the
terminal and only after this time can the man- .
uflacturing facility, which has been preparing to
build -thas device, assign area and people to the
product. It will be several months after this
+ assignment i8 made before the first products
are in the field. The time involved for this.
process is’'considerable, and for terminals it
will generally be from 18 months to. two years.
As mentioned before, any time during development
that it is decided that & newly released per-
ipheral is a mandatory addition, .the schedule
begins to lgngthen beyond the Alloted two years.
_Also, uniess the product ip in & well defined
field, changes in the product will be suggested
and at-times dictated by Marketidg,sdue to ,
knowledge gaired from custmer inputs or by
snalyzing. gémpetitors new products. Of course
any changes incorporated will also cause delays
in the Releade jof the product.; These delays in
the scheguleéd release of the product and the- long
time reqiired.to bring a product to release are
the problems ‘referred to as Jevelopment problems.

> Field Support Problem

" The field support problem that I feel, is
relevant to this discussion,. is not the one we
norially think of when we hehr of field support.
Although problems of hardware failure and incor-
rect operations are serious they are-not peculiar
to hardware terminals., The problem I speak of is
that of terminsl operation that is exactly like
the designer planned but ”different than the cust-
omer understood when he commited to the piece )
of hardware, It is of no importance whether the
problem arisss from over zealous sales psrsonn
poorly wriyten documentation, or customers who
n'Y sure what they meent The problem does arize

and unfortuately,. the-solution is beneficial

- to mo one. Either the customer must change his
system to accomodate the undesired tarminal,

4 the seller must remove hi¥ terminal which wastes
much of the customers temimtl selection times,

~
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of the customer must pay to have expensive
hand modifications made to his device so it fills
his requirements. None of the above are desire-
able and dealings like these tend to leave a bad
taste in everybody's mouth, One alternative to
hardvware terminals may be the new intelligent
terninals. From my point of view, terminals which
can be programmed by the custqmer ar .the seller

T fything the qustomer desiresy have &
pair of limiting faults. he first is that they
sre 4 bit more expensive than a comparable
terminal that is not customer programmable. The
second fault, also related to expense, is that
in order to use their full capability a programmer
or group of programers must be hired‘to write all
the code that controls ther terminal. The solution.

discussed would be the microcomputer controlled , * .
programmed terminal. : . .
P ' . . >

4

For those who aren't familiar with the" term-
inology, I will define both microprocessor, and
microcomputer. The microprocessor is a single
or‘in some cases several integrated circuits . (IC).
Each IC is, at most, about three-.inches long,
one inch wide and asbout % inch high. These
“devices can internally perform the same functions
that can be performed by large computers. °
However, & microprocessor cannot operate without '
some, additional circuitry and other ICs,

When the necessary control circuits, storage

and working memory, power supplies, and an inter-
face that allows comnection of peripheral
devices have all been added to the microprock
you have a microcomputer. Although this may

e

ssor,’

. sound like the micfocomputer has grown into

a large device, it is<easy, to develop & micro-
. computer that fits onione printed circuit card
sbout 7.by 11 inches (excluding power ‘supply) .
Add a few more of the same size cards with
additional memory end you have a system that is
more powerful and operates considerably faster’ than
a computer of the early 1960s (that fit in several
cabinets each three feet wide by two feet deep

by six feet tall). Fortutiately, our application
will not even require the extra PC cards .for *°
memory so it will be very compact.

Microcomputer Adventages and Applications

~

Microcomputers, like computers, can be used
in a variety of applications -and do many different
« types of jobs., Their capabilities allow them ‘to
do number crunching jobs oh one’end of the spectrum
to controlling small peripherals on  the other end.
Fortunately, they are inexpensive enough to

compets with the control circuitry no used

" to control peripheral devices and do the job

cheaper, better, or both. It is in this area

that we will dwell while talking of solutions for *
the problems ¢ d in the previous section. You
may remember 2‘!8 defined our hardware terminal
as one in h separate hardware function

is perform number of integrated tircuits.

and other discrete components. In the micro-
computer based terminal, aimost all of the functions
that would have been performed by that hardwars
are dons by the microprocessor. Instead of
having a section of hardwars to react to every
possible combination of keys, switchés,

t

.
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and other type of input or output stimuli, a part
of the program (storsd in program control memory)
, watches tlese stimuli and reacts. The advantages
vto this system are twofold. First, the control
circuits, and cqde storage chips to perform most
functions are one third or less in number and 'also
offer considerable savings in physical space and
power consumption. Secondly, and what this whole
paper has been aiming at, making changes in the
code stored in the code storage chips is-easy.
To change a function or completely redefine a
series of operations cen be done in the code.
Physically this means that one or more ICs are
removed from sockets and replaced with others.
Considering this, let us go back over the Iigt of
problems. No longer is it necessary to restrict
our definitions to generalized pieces of hardware.
. Using some common components such as & basic frame
and power supply, and some common control cards
(i.e., microcomputer card, control storage
memory card, and commmication interface cards)
many different terminals can.be defined, each to
meet the specific requirements of one application.
In each instance the perlpheiﬁl control boards
for the type of devices that are required for that
specific application are developed. Since the
terminal only meets the requirements of one app-

lication it should .be less expensive to build. We .
were concerned with peripherals that were only- e
partially defined as our development began. It is

usually easy tp get a list of thé signals that
defihe the interface and even know what pins

these s)gnels will appear on. The difficulty .
ariges in finding exactly what each of the signals
is and vhat the time relatiorghip befween them is.
Our development can be well along and we can still
change the code to control a device witHout much,
if any, effect on our scheduled release, if we
find that what we guessed the perlpherel would do.
in a particular instance was incorrect. Since )
our device is physically less complex it takes time
to develop. Although it is difficult to Wstimate
the exact time it will take t¢ develop any
product, since there are so meny varigbles, I

"will give some approximate times 80 we can get
a feeling of the advantages of the micuo-
computer baged terminal.

. ' Time ta Develop (ia mcaths) \
I to Tadvars * Qv Misocwptr 11)@
Porfors Torninal . - F°§- Tors. . Noda ..
Define Torsinal ) 3. 1 -3 1
Design forsinal 13 1 1-2 1 B
Build Eaginesring Hodel i s 5
Toot Enginesriag Nodel 2 <1 2 2
- Davelop let Artork 4 3=b 2 2"\ [}
Bulld and Tost lat Artverk 2 2 o- 0
Davelep Kfg. Artvork 1 A . 0 -]
Bulld wad test Mfg. Artverk 1 1 0
Totale 1518 9.5 11-12 AR ¥
Note! Pleass remember that these figures are

rough approximations and don't include the time
necessary for the manufacturing facility to
produce & product once they have received all of
engineerings dotcumentation on how it should e
built. Although it ig common for the manufactur-
ing people to be working with Engineering during
the entire development, it still tekes some time
af'ter Engineering says the-product i# ready, before
a unit is ready for tustomer delivery.

1

As ve study the table and we see advaniages that
will help to solve problems in woth development
and field support of the terminal. The development
time is shortened end, as wee dieoueeed Bbfore, N

- .28 ’ 5

- the programs that oontrol the terminal and™ -

the time to add a new peripheral or modify 'a

spacific operation is lessened. Concerning field

support and the problem of what was wanted vs

what was received, it is probable that the

problem won't show up as often, since the’ termihal

is not & general purpose devite, but one developed

for & specific market. In the cases where the

problem does arise, the time and cost to modify

. the terminal to fit the exact requirements will

" be small enough that the customer, or even the
facturer if the order is large enough, may

choose eo-modifications ;

-

Summary

We began by defining what would be,. for our
purposes, a complete educational terminal.
WVhat made this terminal unique was the type
of peripherals that must be attached. The pers
ipherals ranged from input devices such as .the
touch panel and joystick to output devites such
as microfilm projectors and audible messpge .
generators. The peripherals that are in}the wings
for the next generation of terminals, theé video
disc and audio input devices, should also be’
considered sothat as they are made commercially
available they will attach to our terminal
with a minimum cost to the ¢ustomer.

. Manufacturing problems fall into catagories
of definition, time loss, and adeptability.

It has been difficult to define & terminal- /
that covered a broad enough market segment .. (AE
to be profitable and still include the special R
perlpherels required in an educ terminal. » a2 M
The choict ‘availablediow are tg} a Simple N
keyboard®display terminal with no peilpherels T{

or purchase & wery expensive basic unit. This ‘
choice is forced on us by the harduare implementa-

tions of terminals. The development effort of

& herdwuare terminal is go time consuming, ’
inflexnble, and expensive that limited use’

terninals ate not : being built. As a continuetlon .

of the same problems, after a torminal is built

the inflexibility of the hakdware prohibits

changing the operation to solve & customgr prob- .
lem or to add & new and ueeful peipheral. ;

The. proposed solution to the problems es . > e’

stated is to build .a terminal arownd a micTo- :
computer. Use & minimum of hdrdwars and make
what is there as general .as possible, 8o thdt 1t
can be used in & broad range of prdducta.
‘Put all of the peculiarities of the. device in

~ar

put the programs in replaceable chipe in the
,terminal. To make a change the terminal must
. bo reprogranmed and some chips changed but the K
hardware does not have to change. T6 add a
peripheral a new board must be designed but ~

it will fit in a slot already available in the
terminal. The basic terminal need not be re-
.designed to adapt to the new device as the

device will work from the computer control lines.

R gy

A1l the ehanges neoessary to the code to add
a peripheral would be fwrnished by the terminal R
vendor as he attached ‘new devioces to the terminal.
There would still be ,times vhen the aperation of :

the terminal is not vhat the oustomer esires
but the time, effort, and expensa to change will
not be prohibitive as they are today. I may




sound 1ike I have an interest in a micro- “
Lo compuur company, but- B.careful study of the .~
o facts will -lead to our’ seme conclusion. The
-2 microprocessor will allow vendors to begin to fill
the needs inf different epplication oriented e
. areas, ThiB is because the mcroprocessor»anows
“low development cosis through.commor hardvare
and maximum flexibility through changable
\progrmns. .
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USING THE/PLOTTER TO INVESTIGATE SKETCHING IN UNUSUAL METRICS
~

. . W.,A, Stannayd

Eastern Montana ebllege, Bil ings, Montana $9103%

N i

ABSTRACT: By acceptihg various defmn:mns for “"distance" (which are consistent with accepted properties

for measure) one can obtain un&ual vutcomes for the conig sections when they are sketched by the plotter.

The paper discusses the "new" conics, displays plotter resﬂ;s, and raises questions which the reader may
- -

rsue .
pu . N .

.
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, The crlterxa for "good" ways to measure dis-
tqnce have bolh clearly established by the ifollow-
ing definitzoﬂﬂ&f a metric space:

" A pair of objects [x, d} where X # 2 and

d: X x xé#*Reals is a metric space provided-
for ;all xz,@& ze X:

. & (x,y).-2 05 .

.2-.'*3, X/y) & 0 iff x = y;

3. a ry) = d (y,x);

Tded x,2) £ () +d (ve2). .
Here d- 1s of course the distance functrbn.

(p, Q) = |ax| + (ay| where ax is merely
tﬁe horizontal dxsplacement between P and
Q angd ay is the vertical displacement.

_v‘e..g. o 6 (5,5) . .

Ayl ) .
Pu W) = ..dl (P,Q) = 24+1=3

max (Jax{, 1ayl) JAf jaxl# |ayl
laxi if {axi = japl.

€+g, ‘ 9(‘.‘.) ) , S

dZ. (prQ) =

-

axs2

‘ * . A 2} ’ :'
P(‘,V)——j S .d,(P,Q) =-max(l,2)=2

3 dy (P,Q) = ‘L iE P £ O
) loifp =g

e.g. ' ey,

%(5,8)
. : 5d.(P,Q)=1 since
PoY., | 3(3,4)/ £ (5,5)
‘o ¥ R |
; .

meet the criteria of being "good" is left
reader, .

L
T

Now consider the four conic curves by defini-
tion: - .

Circle - the location of all points in the
plane a given distance from a fixed point
(center). '
Parabola - the location of all points in
the plane equidistant from a -fixed point
(focus) and a fixed line (directrix).
Ellipse - the locatior of all points 1n .
the plane such that each point P. of the
curve is ldcated with respect to the fdci
E, and F, such that .PF} + PF, is cons;hht.

As a'selected sample of qhese conics, let us
examine those resulting from d1

--First, <zhe circle of radius 4 with center at
the origin would by jequation be: -
|x-01 + [y-ol = 4 or simply {x| + Iy‘ = 4,
narc" of . Note: d. (O,P) is
vele =T P&y measuredsalong 0Q ard
circle__ . “"N-  then gp. since ool +
. Pl = 4, tx1 + 1yl =
is the condition of the

0'(010\ P N curve beimg a circle.

'W

when plotted on a plotter, lxl~+ ly\ = 4 yields
the circle as: . . ﬁ‘
(See Figure I) el
v .
Second, consider.a parabola with focus at °
0 (0,0) and directrix x"= -2 under the constraint
of d The definition-ef.the pi abola yields:

]ix\ + 1yl = 2 +Xe

This D<:,;an be seen sinde ' M

T A
"arc" of parabola

(D,P) = (r,0)
| 000D oF 1Dp\ = |P€2\ + 1001
Y or (2 + x) = Iyl .+ {x},
Using the plotter results ih the curve:
. . (See Fiqure

KM\ .

.




' Figure !
. ’

.

“A~

Domains

Xe -3~

bw! »

l‘)omaip: [-lw)

and F, (-2,0) and constant sum 4.
¥ thé ellipse must be: R
. lxl + 20yl + ix,+ 2\ = 4 since

(FI;P) =4

teo where d1 (F,,P) +d,
pr IF Q1 + IPQl + [PQl + iQF)l =4
lor Ix + 21'+ fyl + Iyl + ix| = 4.

C1ng‘curve. Can you.predict it? It is:
’ (See Figure III)
To complete the con}c study for dl
the hyperbpla with foci Fl (0,0) and F2
. Set the céyscanc difference at l.. SincCe:
‘ - A .
roy

Flne

ERI
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Third, consider the ellipse with foca Pl {050}
Thg equation

Again, using the plotter results in an intereg-

4

now consider
(3,0,

"are" of hyperbola

:3 jl ¢ ! K | .é. —‘\\ .

4 “ 4.’
¢ » o
- ° \ ) Y
- *
. . ‘. 1 ,
Ad) (P,F,) - d (PF1)|=1 3
[up ol +u>on -+ (JPOY + |0F |)l
orl(a -x - )| =1lori3-2x|=1, . I
€an you predjct that the’ hyperbola would thus plot
as: . ‘
‘(See Figure 1IV) ) .
Figure III - ..

. Fiqure 1V .

-——tealme -

. . ' . <
The conic-under d, are similarly “unusual" in
that a circle of radius, 2 with-center at the
origin 15 a square of side 4 centered in a horizon-
tal p051C10n about the origin, -The ellipse wdch
foca at (-1,0) and (1,0) and cohstant sum 4 is '
centered abopt thd origin and shaped ke ,a stop -+
sign., The parabola with .focus (0,0) and directrax
x = =2 is composed of two "wings" whose slopes are
.+l and -1 an§ J'blunt nose" along x = -1, And,
the hyperbola”kith foci at (0,0) and (3,0) and a
common dxfferdhce of 1 is shaped-like cqp opposing
parabolas (for )..\ I .

* Lastly, che conics for 4, are interesting.,
Suppose, for example, the.cgrcle of radius 1 is-to
be plotted- wiCh center at the origin 0.

. o * P (x,Y)

) ___.».,ohtmm' .

Since P # 0, d, (O,P) = ) and thus P is on che
circle. But c%xs would be true of 3gny, point X -
wherg X+ 0. -Thus the entire plane, except ghe

* origin, i on the circle. On the other hand, if
«the, radius were 2, there would be no poxnts of the
plahe on the circle. ~r

. \\I'

fhe reader id left to examine the face of the
parabolp, ellipse, and hYQe:bola under d3
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.t In conclusion, 1t is an interesting problem to .
define the parabetric equaticfns of the conics
. ) . .
» o i under each metric ‘such that a simpler application
! of the plgccer 1s enjoyed. As a representative . -
sample solution, consider the circle of figure I, -
parametric equations for this circle are: v
4 cos @ 4 sin @ ‘ . “
.- X = - and y =
. |sin®| + |cos @I |sin@|+\cos@\,
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" THE EVOLUTION OF THE SCHOOL INSTRUCTIONAL COORDINATOR

James L. Altermatt
Regional Instructional Coordinator
Minnesota Educational Computing Cons&rtium

D f 4

' L4

ABSTRALT: The computer has proved to be an effective 1nstru§10na1 tool in Minnesota. The Minnesota
, Educational Computing Consortium-has facilitated an increasingly rapid growth rate of instructional
computing. Now that the quantity of computing is significant, attention is quietly turning to improvement
of the quality of use. Individual school concern is the responsibility of the coovﬁinator for
instructional computing. How the job of school computer coordinator is evolving in Minnesota is the,
subject of this paper.

A more graphic representation of the growth of
instructional timesharing in Minnesota is 'gained
by examining the maps below which show MECC's geo-
graphfcal regions in proportion to public school
enroliment, both in all districts and in districts
served by instructional timesharing.

Introduction

Computer services in Minnesota at all education-
al levels are coordinated by MECC through its three
divisions: Instructional Services, Management -
Information Services, and 2£ec1al Projects. This
,paper has particular reference to the Instruckional
Services Division and the instructional timesharing
network as it serves elementary, secondary, and L.
voéa;ionaI schools (E/S/V) throughout the state.

Growth of Instructional Timesharing in Minnesota

Prior to the establishment of MECC by the 1972
Minnesota legislature, .tnstructional computing in
elementary/secondary s¢hools was confined largely .

. .to the Minneapolis-St. Pau] metropolitan- afea, 'as
there were only a few small timesharing projects
elsewhere in the state. The number of términals in
use. in the past and present are as follows:

Map A, HECC E/S/V Regfons shown Map B,..MECC E/S/V Regieas show;i

Table 1 Tn proportion to0.the average “in proporticn to the public
it el () e e
E/SIV n each reglon 115 o Mo
Terminals °
in_Use
1973 - 1974 400 S
1974 - 1975 700 Ny
1976 - 1976° - 800 . :I::(@
) 1976 - 1977 est. 900 , , IS

Table 2 shows the numbers of students and schdol
districts in the state and the proportions of those
that -have access to instructional timesharing:

Total’
T State-E/S/V-+Enroliment X

l;lo. of School %

IV TH V14

enrollment {n Districts of  'Districts w/ of %l R %

(k-12) w/Timesharing Total Timesharing* Total :.72'1’@3:‘.'&"»..:.13 W SRTETTIESNN -
73-74 990,000 84,000 [49x 78 | 182 , ‘ ;
74-75 950,000 775,000 821 243 56% Map C...MECC E/S/V Regions shown ¢ s s
.06 i ss0 lon a7 170 e erat e e vy g ctisene serea by

. ) . KECC in 197475,
_ * Total number of school districts in the state: 436. .

1 .
s?8
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- +Need for Quality Usage ° .

w

Coordinators meet monthly to share ideas and’
materials contributed by educators throughout the
state. In turn, school coordinators meet with
regional coordinators to exchange ideas and
information. . ’

! : ' The substantial growth of computer usage . *
in the schools Having been demonstrated, it now
remains to be shown-how the quaiity of that “usage.

* has been and continues to be developed. Obviously .
on a statewide project of this size, quality usage
cannot be developed by a few and serve the needs
of all. To attain quality usage, an effort must,
be made within each school building’that has access
to the computer by a terminal device. The super-
intendent of each school district has been asked
to designate a district coordinator for instruc-

¥ tional computing, and for the larger districts to

designate a coordinator for computing in each
school building as well. The school coordinator
is the key to quality usage of the computer

What. Does the SEhool Coordinator Do?

The tasks of the'school computer coordinator
are many:

Computer resgonsibi11tz Users are taught to
respect the [imitations of the computer system
and are made responsible for their use. They

are taught to respect the privacy of each indiv-
idual program and to understand the timesharing -

within thé school. Success or_failure of each
school's computing program, which affects the
total district computing curriculum, in large
part depends on the coordinator. The work of
the coordihator.is thus reflected in the total
statewide instructfonal computing effort, which
ultimately must provide answers to the question
of whether or not instructional computing hase
educational value. The following discussion of
various dimensions, of the coordinator position
may be helpful as a model for others trying to
implement a similar concept.

A N

Qua11f1cét1ons of ‘School Coordinator

~The job of school coordinator.
talents ranging from journalisti

11s for many
ility for

writing newspaper and communicatifh anticles for

school and local.media, “to 1ibrary techniques,
programmer skills, and aceounting knowhow for -
keeping track of usage, time, and storage. At
times the school coordinator is expected to act
as a terminal technician and be able to explain

the terminal operation to students, teachers and

of computers in the educatiopal process. Some
coordinators come to the job without special
prior training and learn by doing. Others may
be pursuing, ‘or may have attained a, degree in
computer science. Two Minnesota universities,
Mankato State and Moorhead State, currently
offer four-year degree programs in computer
science teaching. A spectdalist degree for
coordinators is now being offered in some
colleges. ’

', Support for the Schooi~Coofdinqgor
MECC strongly encourages- school districts

. to support the school computer coordinator by

+

providing time to attend and sponsor workshops.

Holding individual and small group 1nstructioﬁ.'

seminars, acting as advisor to computer clubs,
and supporting other required computing activi-
ties are also strongly encouraged. School

.. coordinators ,in a given region of the State are

assisted by the MECC Regional Instructional
Coordinator 1iving in that region. Régional

LA

concept and use the system accordingly.

Duties

Duties assumed by an effective coordin-

ator vary according to the needs of the school
year: ’

~,
s

Beginning of School Year

a) Attending computer in-service wo}kshops

b) Determining a set of objectives with his
administrator

c) Assisting in finding suitable place to
house the terminal

.

d) Ordering supplies for tpe terminal -
’ ©

-

Throughout the”School Year .

a) Gettinglteache‘ :interes;ed 4nd involved

b) Keeping faculty members notiffed on new

programs and ideas -

e) Keeping administrators updﬁted on Eompyter

related fnformation such as the latest in

equipment.and_app11cations ~

f) Corresponding with MECC coordinator in
his area o

g) Looking for funding possib?iities; feder-
a], state, and local agencies and
industries

.
» 4

h) Keeping equipment in good working order

i) Maintaining equ%pment in good wdrking
order

ji“Acting as the contact peyson between MECC
and His.community concerning special
requests - .. )

’

vt *» community peopie. The school coordinator needs ’ c)_l Scheduling student and teacher use ¢f* the
to be a good evaluatér.of the computing program -terminal
_and be able to recomménd and implement changes. ! ‘ .
P ’ : d) Representing his school district at com- :
Educational backgrounds. of school coordina- " puter meetings and workshops for school
» tors vary, but one certain prerequisite is coordinatons
o enthusfasm for, -and_knowledge of the vital role




Duties (continued) .

End of School Year ’ -

a) Evaluating the achbievement of-the
objectives set at the beginning of the
year . ) N,

b) Preparing an annual report for k

administration and school board « *

¢) Recommending computer courses that
should be added to the turriculum

&
- d) Reordering cE%:;ter books, files, and ‘
periodicals tHgt should be added to
the school library:

e)‘.Having equipment serviced for preven-
_tive maintenance ‘

-~ 4 .
f} Recormending any enhancements that
should be made to the computer program

4
*g) Evaluating the need for additional time
assistance, and compensation to do the -
job and maintain the program most
desirable for his school

. Involvin OtBers ~ Some methods used for get-
-tTng teachers interested and involved in the
use of computers are: : )

a) Working on a qﬁéftb-one basis as much as
posgible during a first exposure to the
terminal

b) -Showing how easily copies can be made

: ; . for the whole class by having output

. . printed on duplicating paper
¢) Demonstrating the use of simulations

d) Assisting in the preparatioﬁ'of the use
of computers in the c1as;room .

Y

.e) Volunteering to teach a class for the
teacher who is hesitant to try it

-3

f) Assisting in-arranging for the hardware
for a video-display so that all the
- students.can see without difficulty

g) If programs need tq be written, finding
someone who can write the program

h) Having knowledgeable students available
<. to assist teachers afd other students
as they use the terminal

i) Encounggiag students to find computer
i applications in multiple areas and
- introducing these to teachers

-

. B VI 580

Public Relations The effective coordinator
tries to bu awareness of the educational

. value of computers not only through contact with
teachers and students, but also through contact-

ing the community at-large. :

a) Writing articles for school, and local and
professional organizations .

b) Putting on workshops and speaking at
\ meetings

ntering or sponsoring computer-related
sts .

d)
e) Arranging for 1oc

see how instructiona
the school R

legislators, to visit and
omputing is used in

. Summary /

The school coordinator is the key to whethergr
not more instructional computing doors are opéne
for the fotal school staff. A school's commitment

, to instructional computing should not stop at c
d61lacs for computer time and equipment. A total

. commitment must be compléte and will be successful,

‘ only if it is recognized that the school must have
a coordinator who is given the opportunity to show
the possibilities of instructional computing.
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ABSTRACT: This paper’ is presented &s an argument fo

.

and tutorials, It is based on experiments conducted at the Lawrence Hall of Science, University of

California’ at Berkeley.
supports an affirmative response to the question.

+ .
exercises.

The experiments sought an answer to the question:
~omputerizel tutorial/game motivate student involvement in the tutorial elements to a degreg
to produce significantly &reater achievement than the tutorial elements alone ¢an produce?"

f Students, who had anopportunity to continue their
participation in a game if they correctly responded to randomjzed exercises,

achieved significdntly #ore

than students who did not have the opportunity to play, even though the game-plaxi:g students dig fewer

Introduction.

¢_In the teaching of mathematics in elementary
scliools it is becoming increasingly pdoular to use
games to aid instruction. The pages of profes-
sional magazines often countain adverfisements for
specially~designed games to teach arithmetic to
elemeritary school children.
supply stores pre replete with games of varied
descrigtions. Schools with instructional computer
systems ‘create computerized games and trade them
with other schools. In 1970 Gordon! attributed
the following quotatioh to Boocock and Schild --
it articulated a major theoretical problem con-
.cerning the pedagogical value ¢f games.

"... the game designers aré in the peculiar
posttion of having a technolegy, or applied
science, before the theoretical science has
been developed. While most’ observers would
agree that games do-teach, what®they teach
and why are yel to be precisely.measured."

In IQ?SQWeusi-Puryearz.partial}y‘énswered Boocack
and Schild's questions -- L.

Games can have a positive pedagogical value
to mathematfcs instruction. The motivative
effect of games can be great enough to sig-

.. nificantly ingrease studentst| achievement
levels. In particular, games can signifi- .

" : cantly improve the learning that takes plage

»

sduring a computerized drill-and-practice
lesson.” . . .

The éhudy that led to the ahove“conclusion is j

tutes an argument for the incorporation
i computerized drills and ‘tutorials.

- ' Y

The shelves of school |

»

" these differences wereue to

‘teacher biases.

N

» N \\
Thire are a fTew educational r;;;;?bh\gggzrs
that show that students in experimental, groups.
using games have done better (and significantly’”
better) than students im non-game coﬁ;ro; groups.
However, it‘might,be successfully argued that
i Hawthorne effetts,
school differences, teacher differences, or  *
By the very nature of most educar
tionaljresearch that, is done- in the cla

Stateﬂént 6£_Prob1em,

is dirticult, ({T not impossible) to positiwely s ot
assert that a particulat variable produced a“par- *
ticular effect. ) X N

. e

. .
In the development of a theory of the pedago-
gical value.of games to mathematics instruction it
will be necessary to determine under "“laBoratory-
-like conditions¥, if the motivative effect of a -
game in teaching arithmetic can produce signifi-
cantly greater learning. (Here "laboratory-like

conditions" means a setting and design that close~ .

ly approximates the type of experimentation done
in the physidal sciences -- where‘a quantity is
systematically varied and, the ¢ffects of this ma-
nipulation on other dependent fvariables are meas-

_-ured.) o
=N

This was a study designed to add to our, know—
ledge of the pedagogical value of games to mathe® *
matics. , It, so an answer to the question: "Can
the game elementf of a computerized tutorial/game
vmggégi:; student involvegpent in the tutorial ele-
‘men 4 degree high €nough to produde signifi-.
cantly greater achicvement than the #utorial ele-
ments alone can produce?" N .

- 3

Procedure

The study used a Qomputerized tutorial/game
called GAMBO. Theré’t‘%e two -plakrs in_a GAMBO
tuton{al/aamea One player is "the student". The
Sther player, who shall be called "Jody", Is a

room, 4t

.'é\ -

“ ~
| o7
’ T . 1 ’ ) Y
i . Ji N SRR R o e
r the incorporation of games in computerized drills - 7
-\
"Can the game elements of a: R

hi%h: enough
The study S
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computer simulated pldyer. The computer program
also Exhibits a third persopality called 'Gambo"
who is the umpire and scorekeeper for the game,
Thg- teletype output from the GAMBO tusorial/game
looks like a script of a play.with three charac-
ters -- Gaﬂﬁo,'the Student, and Jody. £ach player
in turn is given an arithmktical problem to splve:
after he has cormitted himself to an answer, his
opponent is given an opportunity to evaluate the
player's answer: the umpire presents the correct

. answer: if the playert's answer wys correct, he

gets an opportunity to make a move on a -*kyee-by-
.-three Tic-Thc~Toe board: and if the player's
answer was incorrect he would forfeit his turn on
the Tic-Tac-Toe board.

P ~

The abJject.of the gahe is to gain as nuch score
as possi%ie in a limited amount of time. In the,,
GAMBO game a player can'receive ten points for
correctly answeringt the problem, five pointg for
correctly evaludting his opponent's answer, and
fifteen points for getting three marks in a row on
any Tic-Tac-Toe board. A new Tic-Tac-Toe board is
presented after eithgr player receives three marks
"in a row. *

., Two experiments were designed to be part of
one-day-field-trip a%}vities for summer school
classes of San franci%co Bay Area school dis-
tricts., Each fieid trip Started with students ar-
rivipg at the Lawrence Hall of Science by bus from
their school districts in mid-morning. Aporoxi-,
mately 30 students (depending upon the number of

.terminals available that day) were randomly se-
lected from among the students.in the 8- to l1-
year-old age range. Those students not invoived
in the experiments were taken to the achfvgty
halls where various scientific activities were
available¥for thdm. The students in the experi-
mental group were placed in every other seat of a
small auditorium where they received a battery of -
tests. These pre-experimental measures were in-
tended to measure the students' skill in the basig
arithmetical operatfons,and to inventory their at-
titudes towards arithmetic and arithmetic stress-
ful situations. {sveh as tests). While they were
seated they were, without their knowledge, randon-
ly\divided into three sub-groups. The selection
was based upon that day's random assignment of the
auditorfum seats. After the pre-experinental
testing, two*of the sub-groups were escorted from
the auditorium to cemputer terminal rooms con-
taining enough teletype <omputer terminals for
each member of the gropp. During the next forty
minutes: one,group received a computerized tu-

- torial; one $roup rapgived the same computerized
tutorial interwoven with a simulated Tic-TaciToe ,
game; and the group remaining in the, auditorium

.viewed two films of scientific fhterést but havs
ing no relevance to the tutorial. The computer=-
{zed tutorial was the GAMBO system!s. Stuydents
under 10-years-pf-age igceiﬁed,addition problens
and nrultiplication problems were ‘given to the
older students. )

*

-

£y

The first two groups thea returned to the
auditorium.where a post-test was given to 411
students on the material covered in the tutori-
.als, Students them left the the auditorium and
t09§ther with the non-experimental group of
studepts had a bag' lunch. After lunch, ally

.

’.
s8e
.

-

"wauld give a correct answer was equal to'the pro-

1 4

_ed the presentétiqn of the mgssage to be interrupt-

~

. appéared to someone watchin

R

7.

. en by the student.

students had a couple of hours to erplore the Law-
rence Hal! of Scierge. * Al students had an oppor-
tunity to pldy games on a computer withott reja-i
to their previous groupings. In'addftion, other
scientific aqtivities were available for the stu-,
dents -- physics, biology, chemistry, astronem/,
and mathematics., The experimental situation :ar-
ried no risk to the students -- the entire field
trip activity was designed to give all students a
positive exver{ence with science. * )

, In’each experimental situation there were three
groups of participants: The full-treatment group
was exposed to the GAMBO system as described above.
The partial-treatment Jroup was exposed to the same
GAMBO system but ‘they did not see any reference to

a Tic-Tac-Toe game and all score-referenced outpu} .
was surpressed. The no-treatment group watched t
National Geographic films -- The Chick Embryo and'
Succession from a Sand Dune to a Forest.. *

. *

The partial-treatment group corresponds to what '
is commonly called a "control group®. As closely
as possible we tried to make the difference between
the full treatment and partial treatment the pres-
ence or- absence of the game elements durigg the ex-
perimental phase. The full- and partial-treatments
-were conducted sinultaneously in separate rooms.
_Through scheduling we controled for pgssihle room
‘effects, sex of laboratory assistants effects, and
their possible interactional effects. A teacher
from the participants' school was presént in each
experimental room to aid with disciplinary pro%lems,
but they were discouraged from actual participation ¢
in the experiqents. '

. . 7/
.The purpose of the simulated opponent, Jody, was'
to provide a human-liké opponent who was "equal” to
the student in ability -- the probability that Jody

portion of correct to total %nswers previously giv-
¥hen we were in the checkout
phase of 'tije GAMBO system we ran sessions with elé-
mentaty school children’similar to those run later
durifig the experimental phase. H% obsérved that
students did not give the impression that they were
competing with a super-human machine. On several
occasions the students rematrked that "Jody is
stupid," or ¥Jody is trying to cheat,"” or attribut-
ing other him ft characteri'stics to Jedy. In addi-
tion to the errors Jody made, there was .Jody's
chilqllike‘pethod of typing. Whereas Gamda's pre-~’
sentations were dege at a speed of 10 dﬁaradte;s
per second, Jody's presentations were made at a . _
speed of {at best) 1 chatracter per second. When
Gambo had a message to type the message was sent to
the teletyve in its totality, hence when the tele-
type Tecéfved a message,it,uas,tgged at the maximum
speed of 10 characters per sécond. On theotler ‘s
hand when Jody had a message to type it was sent to
the teletype 1 character at a kme sand this allow®

-

-
.

ed by other users, Hence, when it was ready to . N
send out the next character, a time lapse that may .~
have varied between a few micro ‘seconds and two
seconds would have occurred. This difference, in

time was measurable and the program checked~ﬂ& make
sure that the delay was greater than 1 secohd *

before it sent out another character. Hence, it
Jody's ‘presentation,

ly what the student§ were

7.

that Jotly was do{ng exact

F
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doing when they typed -- that is, searching the
keyboard for the next leiter or digit,

The function of a no-treatment group is to
statictically smooth out’ the effects of the high-
ly motivating field trip atmosphere. 8y 'regress-

- ing pre-experimental measures on post-test scores,

using the no-treatmerft group, We are able to ob-
tain formu:as for predicting post-test j-ores of
the two experimental droups. These predi-ted
seores used as covariants in an analysis of co- -
variance ot the post-test measure provide addi-
tional statistical control. Since the no-treat-

_mént group is a randomly selected sub-groun of

.

the experimental participants, and we can safely
assume that they received no training in the con-
cerned algorithm duriBg the experimental -period,
their performance on the post-test items can serve
as a statistical basis for measuring the difficul-
ty of the itemss
R )
Surmpary of Aflalysis Resulis

- !

- L4

There viere 258 students who participated in the
two experirments -- 84 in the "addition" experiment,
and 17L in the "multiplication" experiment.

1 kY 4

The students' attitudes toward arithmetic and
their levels of debilitating anxiety did not dif-
fer-significantly from those of a large natfomai=—
sample of fourth-graders3 taken in 1962.

‘Grade, age, and attitude were much less able
predictors of post-test: score than pre-experiment-
al computational ability.

Most of the errors made by the students were ’
either very unusual misapplications of the addi -
tion-or multiplication algorithms or they were
miscalculations of simple (one digit) sums or
products, Co, T

* The studgntsﬁ_Tic-Tac-Toe stratggies were norm-
aliy distributedy but theif correlations with
other measures were not significantly different
from zero. T - o

Students, who had an opportunity to continue

ir participation in the game-if they correctly
résponded to randomized exercises, achieved signi-
fitantly hore than students who did not have the
opportunity to play -- even ugh the game-play-
ing students did fewer e cises. P

Conclusions

* - Games can have a pysitive pedagogical value to
_mathematics instructio

The motivative effect

“8Y games. can be grgat enough to significdntly in-
crease studentst achiguetletit levels». In, particu-
lar, games can significantly improve the learning
that/ takes place durjng a computerized drill-and-
-practice lesson. ) ' ‘e

Footnotes:

1. Gordon, Alice Kaplan. Games for Growth: Ed-
cational Games-in the Classroom. Palo Alto: |
Science Research Associates, 1lnc., 1970, Library
of Congress Catalog Card No. 72-120693.'

2. Weusi-Puryear, Muata. An Experiment To. Ex-
amine The Pedagogical Value Of A Computer Simula-
ted Game Designed To Correct Errors En Arithmeti-~
cal Computations. Ph.D. Dissertation, Stanford
University, 1975, Dissertation Abstracts Inter-

national, Volume XXXVI, Number L, 1975. Xerox
University Microfilms, Ann Arbor, Michigan,
Order No. 75-21.906, 157 pages.

3. The National Longjtudinal Study of Mathemati-
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. THE® COMPUTER AND THE. READING TEACHER

'

Fd
.

Linda L.-Johnson

" - &
South Mountain High School, Phoerix, Arizona® 85040 : .-

ABSTRACT: Reading teachers at South Mountain High School in Phoenix, Arizona, have been
rescued from tedium and provided a far more comprehensive remediation program for stu-
dents. .[The district computer permits teachers there to enter a stiident's name, reading
level and needed skills. Thereupon it prints all materials that teach these skills at.
the stullent's level in the form of an assignment sheet. Eventually, easy-to-understand
objectives and sample post-test items will be included. Teachers also use local compu-,
ters to run computerized readability formulas and to check a lengthy diagnostic test.
Students use the computer to learn various reading+skills. . ,

The computer is not yet the indispen- R Ready by September of that yehr wags = —
sable tool of reading teachers~--for years the most far-reaching undertaking: The
they have survived quite well without it-- Materials Retrieval Program, -
v and still do', . However, as soqu_as they . .
learn what the ¢omputer can do for them, " This use of the computer was origin-.
and as soon as they optain pasier access to, ally conceived as a4 way of assuring that
this miracle machine, it is doubtful they benefits of the computer would reach each
will ever allow themselves to be without . - student and teacher in the reading pro-
. one again. " gram. < : ~
At South Mountain High'School in Phoe- Prior to the artival of the computer,
nix, Arizona, the impact of the computer . the reading program operated with teachers
on reading teachers is already being felt. spending hours diagnosing students and
. There the computer has influenced almost . then "programming” them into materials
every area of the reading teachers' res- that would give instruction and practice
- - ponsibilities, . ! in the individual's. weakest reading .. .-
- . . * sgkills. The materials, and skills were so
First introduced to South Mountain _ numerous that is was difficult for tea- '
reading. teachers in the summer of 1975 chers to remember, for example, in which

when two teletype terminals were installed .

workbook tihére was a particular page giv-
’in the reading laboratory at'the school,

ing instructlon and practice in distin-

the computer was almost immediately put to gluishing facts from opinions. As a result,
use for ,storing data in a "Materials Re- many godod materials were often neglected
trieval Program," a project that revolu- in favor of a small number. of familiar
tionized the placement of students into materials. Furthermore, the process of
. suitable reading materials., Other pro- programming‘five classes of 25 students
. - grams, helping with instruction, drill and into appfopriate materials suitéd for each
determining readability, were added within - ndividual was a long’one. And once pro-
seven months. All programs were written grammed, students were not often repro-
in BASIC and run on the Hewlett-Packard grammed unless absolutely necessary. toe U
2000F Time-sharing System, located at the . . .
, Phoenix Union High School Distriet offices, The compyter has solved these prob-
to which the two terminals were connected. lems. Now when Btudents are assigned to -
Since no money was available fon purchas- a reading class, they can be programmed
ing computer programs, all programs were into appropriate materials rapidly. The
written either by the teachers themselves, . teacher makes the usual diagnosis of read-
by the District Educational Computer Spe~ ° ing difficulties and grade level of each
cialist, or by other programmers donating " jndividual. .Thi& information is_ typed
their efforts. v into the computer. The computer then -
o v prints out an assignment sheet for each
Materials Retrieval Program . student with just those materials that
e - - * . . ] . . . teach the requested skills at/the desired
\ ! . ’ B . ) . . %
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‘grade level.

{
/ .

The student chooses from usually leng-

. thy lists which method of instruction and

. post-

practice He wants, be it from a fapiliar
workbook, a ditto, a game, or even from a
computer terminal. As soon as a student
and teacher/feel that the student -is rea
dy, a post test is given and the student
may go on f£o other skills, .

A highispeed printer at the district .
computer center enables assignments for
entire classes to be stored and thenprin-
ted Yapidly for distribution fo individ-
uals by the following day. _

In ‘ordef to compile. the data involved
in the Materials.Retrieval Program, teach-
ers gcanned page after pagé of workbook.
and textbook materiuals for skills and their:
page numbers. Other materials such ag
tdpe-recorded or film-stripped 'lessons were
also examined. Distinguishing especially
cléar instructional material from that
which gave merely drill and practice was
begun. Over?300 books and workbooks were
entered and over 100 skills were isolated.

Computer programs.‘written by the Edu-
cational Computer Specialist, entered.
stored, edited, and printed the data in a
form comprehensible to the, student. These
core programs, now in operation, are being '

. augmented to include a number of innova-

‘tions that in the near future will result-
in a teacher-developed; computer-managed
instructional system. °

Fgr many of the 100-plus skills now
listed; instructional objectives are being
written in the student's-own language.
When the student sees his print-oéut next
Fall, he will be able to determine exactly
what about the skill he will be expected to ,
learn. At the end of the print-out, sample
test questions will be listed. When
the student and teacher feel he ‘has attained
the objectives and can answer these types
of.questions,. the student will be post-
tested. s ) e
This computer-managed system could be ~- -~
expanded even further in the future. A
division ¢f the materials could be made so
that each lesson is listed under the appro-
priate Indtructional objective within the
gKill area. . :

Bdcause of the quantity, some materials
listed on the present print-ovut are hard to
locate in the classroom. -Adding symbols

“ to the print-out titles, putting corres-

ponding symbols on the materials, and _la-
bzilng.classroom locations-wiYY alleviate
Qhatlproblemu .

Comprehensiye Achieyement Monitoring

R -
Developing sufficient pre and post test
ques¥ioy

and writing objectives would seem
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to*be, éxtremely time-consuming for the tea-
chers of one school to undertake, but these
ptoblems are rapidly being selved by ano-
ther, project, called the Comprehensive
Ac¢hievement Monitoxing System (1)}. This

P ifivolves many reading teachers in the.
gthool district who are developing hundreds
of test questions and writing objectives in
a large reading projett of their own. ’

The qQuestions they write are printed
on cards, pne question to a card. By over-
lapping the cards on a carrier, any number
of Zeroxed tests can be made. The computer's
role s to score answer cards filled out by
the sfﬁﬁeg:. The -computer compiles summary
data on eash student's test results and 2
ire. clasg*s progress, also
preparing at r's end an item analysis of
the test guestions. :

» CAMS is useful to any reading teacher
in teaching a wide variety of reading skills
and cémpetencies., Eventually, it may be
combined with the MAterials Retrieval-Pro-
gram to further develop a computer-managed
instructional system. When more computer
storage  room becomes avhilable, CAMS
questions could be entered,gthemselves. into
the computer for even-faster test construc-’

tion. When this becomes a reality, an in-

. dividual test suited to only one student

could be rapidly constructed and scored,

Computer-Assisted Instduction
One way a gtudent can learn a reading:
skill at South Mountain High®School is

through comp ter-assisteﬁgﬁggtructgpn.’ Al-

+though very few studies, have,been’'rade of
the effectiveness of this‘me%hod of instruc-
tion, it does seem strongly motiv4tional.

Most of the students appear t6 love to* use
either of the two terminals,located in the
.reading center; moreover, they seem to pay .,
rapt attention to the instructioq, .
At the moment there are approximately
twenty-two teacher-made instructional pro-
grams in reading available for student use.
These teach or.drill ifi sevgral phonics
skills, structural apalysis, context clues,
.classificdtion, and fact or opinion. )

Several of the eleven reading teachers
at *the school have been inyvolved in two
workshops to learn ‘BASIC computer program-
ming and the Hewlett-Packard Instructional
Dialogue Facility (2); offered by the school
district.for system credit.’ In addjtion,
teachers may create simple instructional
drills by filling out dittoed formats and
typing them into the computer. Thesetcan
be quickly done apd reguire no knowledge of
computer programming. -

. -

Future plans include the use of the
tape recorder, slides or fiimstrips which
will be,incorporated into additional ins-
tructional computer programs.

.
-
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. Diagnostic Pesting

One of the reading teacher's most im-
portant jtasks is accurage.diagnosis of the
student*s skill deficiencies and readlng
levels. A widely-used device for testing .
students who read below the seventh grade
level is the Silent Reading Diagnostic
Tests (Bond, Balow and Hoyt) (3). A com-
puter program developed at Arlzona State
University not only scores, the eight sub-
tests in the booklet but prints out errors .
made by the student so that a thorough er-
ror pattern analysis can be made. Mahy
errors are classified by the computer so
fhat they can be analyzed by the teacher.
The computer program gccelerates grading

- and enhances the diagnostic features of the
tests. »

\ L}

Also being developed at Arizona Jtate
University is a reading test retrieval pro-
gram. Soon, a teacher may be able to re-
quest a listing of .just those tests from a
600-test bank that meet the teacher's spe-"."
cifications. If he has a ninth grade stu—
dent reading on a very low level, he W1l%r
be able to request tests that would help,
diagnose that type of student‘s needs.‘f

'.

4

Readability-Formulas ' id
The reading teacher is often @illed.up-
on to determine the readability,5r level

of difficulty, of textbooks or, gther read-
ing materials. The best readablllty form=

_ ulas they use are often extrﬁmely time-con-
suming and complicated.

The all Readab:llty Formula (4),
for example, involves five steps the teach-
er must make. ,First .the teacher must count
100 words from a typi\al passage. Second,
he ¢ountg the number of sentences., Third, -

&

Other ?ossibiiities

The above-mentioned uses of the com-
puter in readlng education aere only a,be-
ginning. As more stérage and memory becomes
available, other schools in the eleven-school
district will be able to use all of the pro-
grams, As more and more reading teachers
come to understgnd the capabilities of the
machine, new gdeas will be developed and
tried. o

7 .

One’ mo;e idea that will bé on its way

in the ne%t few months will be a retrieval

system fgr pleasure-reading books by level.

A student _y;ll be presented with a list of

books on his level diviided into such cate-

gorie§ as romance, sports, adventure and

sciehce fiction. This program will encour-

age the creation of a collection of a wide”

variety of books in each classroom and fa-

¢ilitate the choosing of appropriate books
'to read by the students.

P

In an individualized setting of twenty
or more studehts, often reading well below
grade level, the teacher has been moved from
ingtructor to manager. With the computer,
hopefully, the teacher can spend less time
managing and more time instructing. The
Materials Retrieval Program will include
evenfually not just materials that: teach,
but instructional strategies for ieachers
and teacher-aides, ideas for teaching a

, Skill in small groups or one-to-one.

A teacher supplied with computer térm-
inals in the classroom will find that through
the;r use, diagnosis, instruction, evalua-
tion and services to other teachers will
gredatly improve. The computer will never
replace the reading teacher. It will cre-
ate a much more efﬁlclent and skillful
teachen, instead.

\ . ] - - N AR
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he looks up most ‘of the words on a 3060- - . .
word 1list. Fourth, he must remember somg_—’,—————_-~‘T‘-~_~\\§§g£gg§
40 rules as Ehls llst is being consulted. :

Fifth, he makes seven computations involving
large numbers. These procedures must be re-
peated 0¥ the several samples of the book
that is ﬁelng analyzed.

\\\\ Bi’computerlzlng theé Dale-Chall, all of
) thegé steps are eliminated. A teacher mere-
lyfypes in each sample; the computer does
tHe rest. The Dale-Chall computerized for-
. ., 7fhula can be accessed on the UNIVAC compu-
‘ters located at Maricopa County Community
. Colleges and at Arizona State University.
.- - This formula determines readability of
5 samples above the fourth grade level.

On the Hewlett-Packard computer as well
. » as on the UNIVACs, is a formula for detexn-
S mining readability below the fourth grade
level--the Spache Formula (5), .With this
formula, SoutH Mountain reading teachers can
perform readabilities on some materials
without leaving the school.. Soon, the
Flesch Formula (6), for fifth grade and
above, will be available in the school.

.
P e

Comprehensivé Achievement Monitoring
Copyright, 1973 by
National Evaluation Systems. Inc.

1.
Pogt Office Box 226 ° o
Amherst, Maine 01002 . .

‘Instructional Dialogue Faclllty .
‘Copyright, 1973 by .
Rewlett-Packard Company .
. 11000 Wolfe Rd. ) o
‘Cupertino, California

Silent Reading Diagnostic Tests . '

Copyright, 1970 by

Meredith Corporation

Lyons and Carnahan, Ine,, Educational
bDivision s
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GENIE - A PROBLEM GENERATOR FOR HIGH SCHOOLS .
Allan Y. Paschke

> T Niles Township High Scho.o'ls
‘ ‘§kokie, Illinois

.
. « & .
LT

_ GENIE {s a total software package which provides a full-scale computer-assisted test construction (CATC)
capability on a mini-computer. GERIE was.designed and implemented by the author for the Niles Township
igh Schools, a Chicagoland suburban district of 7500 students. The GENIE system has been in use since
ptember, 1974, and is running of a DEC PDR/8 computer. It has become an accepted and very widely-used
faciiity in these schools, with applications in four major subject areas. .

‘
T

. . . . -
. In this paper, a brief overview of the Gé’NIE < The third iglpo‘rtant aspect of GENIE is its
system will first be given, followed by a more , author language., This is a hybrid language
in-depth ook at the features of GENIE. designed especially for the actual needs of a

problem-generator setting, with many features
4nciuded in response to the requests of author-

Overview -~ : ing teachers. A typical question can usually
. be written in under 15 minutes, and then entered
bod W With GENIE, a teacher or gvoup of teachers can into the library either directly by typing it

. créate a libravy of subject area questions that at a terminal keyboard, or via punched tape.

g* can be subsequently reproduced for use as tests, A full range of editting and testing functions
reviews, or problem and assignment sheets, or is provided in the GENIE system so that the.
can.be directly used for individual evaluation authoring teacher will have full and, if desired,
or remedial drill. Although originally personal control over the progress of his gques- .

o designed for Mathematics, GENIE is now used by . ., tion from inception to final logging into a
the English, Social Studies, and Scierice GENIE library. | n o
+ Departments, and is steadily growing in number .
and variety of applications. : . ;
An {mportant ‘feature of GENIE is the ease with A Problem Sheet .
which the final product, a sheet of problems, - o
. can be produced, and flexibility permitted in Although GENIE supports multi-disciplinary
A Y the appearance of this sheet. The designer . 1ibraries, at present the most fully develdped
of the sheet has a great deal of control over 1ibrary {s in high school Algebra. And so,
the format of the sheet, including titling, this will be used to §1lustrate the operation
inclusion of special instructions to the . and uses- of GERIE. .
student, number and variety of copies produced, , ) ‘e S
interrelation of problems, spacing of problems, A somewhat typical problem sheet (reduced from
and much more. All this is accomplished 14 7/8 X 11.Ah¢h size) is shown in Figure 1 on
through a concise set of commands that are the next page. The questions are-printed on the
either punched or pencil-marked on cards. left half of the sheet, and the corrasponding
s - answers opposite them-on the right. Thé spacing
A second major ?oint {s thé organization of questions and answers i$ such that, in the -
< allowed in the library of questions. As . original full size, an 8 1/2.x 11 inch sheet .
questions are authored and entered into a will accomodate all of the guestion side, but
. GENIE library, each is assigned a unique four- Wil omit the answers (see dashed 1ine). This
character identification code. Judicious is done so that a teacher may use the computer-
use of ‘these codes not only lends organiza- . printed sheets as masters in a reproduction

of the ' "process, fitting the questions onto ‘standard .
nner size paper, but without disclosing the correct

-

fofr . " answers. ; ) , “

tion and structure to the conten
1ibrary, but also facillifates the
in which questions are later retriev
a prdblen sheet.

Notice that titles and page numbers are given
above both the question and aniwer sides of "the:




o

gAGY

-QuA

€9

aGHEd

ot™ att_+ daie + Qo
z €

IMtd
S¥ - I9L-

.

avid

(ZI/EV=) + X(9/L) = A

/791t
7

! , Irty
- X(L/S-) = A

| 3rty
681/101- = &

" NuIS
LE/\-+11=

21zZs

,.nO\u'u - N

Nyis'

0ZZT/461Z- = X

NYIS

¥IAMYS YuE30Tv . IINIO.
1-z-1 30k

HIMAWYS .  OHE3IO0TIY -JINIO .- <

90 3HL 0 OL ¥3IHONYQ 3HL YL LI QINOM ONOT HMOH
ALYy LuHL LY SUNOH S NI UI0ND 3HL HSINIZ4 0L 378
3¥3M AIHL ¥3IHLICOL d13H 0L ONOTY UILHONYA I0UNI
Y3IH LHONOUT 3HS AYD 3NO SUNOH £ NI YLOMS, ANYYa
¥3H HSINIZ OL 378V ATTIVHUON SUM UIAUOM AHINN

,. ‘. 4\.\.

& 4713SY3H AQ” Y

)

a7 .

(Z1- * 9-) nzk (y= ‘. 0) me—-O& 3HL NI31L3T 3INVLSIQ, L GN1d
IR ]

b - ~
(g + aZICT + 1z + 08 7

T
‘ ' _ sy + 994>~
|
» SNOISS3udX3 ISIML Tn._.!uw

(0 ‘€~) ANY*(9-'¥) ONINIOT IN3WO3S 3HL 40
yoLo3sig iu:oEzm&mu 3HL-40 NOILUND3 3HL ILINM
. ,

(B83-'Z) UNY (8-'ZI-) SINIOL 3HL
SNIVINOD LWHL 3NITT 3HL 40 NOILUNOI 3HL 3LIHH

EouEuummpsz%..mzwmzo:c:cmoz?oéuw:w»nxz
1 . .
¢

. €/Z~ = (4L + €)OT/6

0O =€+ XIT +» XZ
k4

. - . T I1 + (Ot + HG-IET = O
. . ¥
Z- = (01 -~ XI1-)0Z - 41
S3ION3ANTS N3JO ONIMOTIOS 3HL 3AT0S

¥ad ) - SIHUN 1~2-1

”

-

- -
r - - -M”
S 4
. o
" ) Vgt .
N - - u.r .« "
ot N ,
' ’
- M - B3
_ .
P ~- Q
“ ‘<
L . Y B
¢ .5 .
2 &
e 3 " o )
. 5 g2. e
o a .5
b4 d -1 3 )
v W . w 1
=
. ] :
s o
®
3 é
(7<)
- .

4

. N —_—

ovd - .

IC.

-
Rl A ruitext provided by ERiC

O

E




-

-sheet so that a teacher can re-match sheets
that may have been cut in the reproduction

assignment materials. This prqnbte'd a project *
in the summer of 1975 in which GENIE Math ques-  °

‘process. (The wide-print header above the = * tions were carefully organized and documented
. -questions {s 2 Juxury permitted us by the in a Math Catalog, containing nearly 1000 coded
' model printer we have.) HNotice also the questions. A sample page from this.Catalog is

o directions appearing just before questions
+ ., 1, 5,7, and 10; these are independent of
the questions themselves and cah be’ worded
- to suit a teacher's individual preferences.
Finally, the four-character sequences fol-
lowing the numbers on the answer side are
the 1ibrary reference codes that identify
each question. Note that questions 1-and
2 have the same reference code, but are
different problems. This is because of

+ shown in Figure 2, on the next page. With this
“"Catalog, teachers began to correlate assignmehts,
reviews, and remedial work so that course text-
books. were completely supplemented by GENIE-

produced problem sheets. o

When several teachers started to produce GEN]

. sheets as remedial work for individual students,
it was only a small step to the next plateau of
GENIE usage’. This was the duplication of cer-

—-{ted lerigth for student review.

that even a small number of questions can pro-
duce,a vast nuriber of specific problems. This
also means that if the same choice of refer-
ence codes were used-to produce’another shest,
the chances of seeing,the same coefficients
and agswers on even one problem would be re-
motely smail. (It is not unusual for heavily
numeric questions to contajp internal varia-
tions that run into the millions.) The result
of this potential for variety is that a teacher
“can-produce equivalent copies of exams for
class use or can create drill sheets of uniim-

-

Uses of a Problem Sheet

T qUT e easy to use.

encouraged 4o design and request their own
remedial work as-they feit the need. This pro-

"cess quicKly spread through all the Mathematics -

.courses, to the extent that student requests
alone now average over 150 per week. # )
LA

Regfuestin.g' a Problem Sheet

PN

» The fact that 'Iarg'e numbers of students can

successfully design and request thejr own prob-
lem sheets may Sugg at GEND&: commands
This’{e, in fact, true. -
Once the Jibrary referénce codes for a group of*
qestions ‘are known, there is very little else
to learn before designing a problem sheet.
There are basically only two kinds of GENIE

. internal variations built into this ques- 9-tain key pages of the Math Catalog and didtris ,
tion at the time it was authored. Nearly - bution of these pages to ‘entire Math classes.”
* all of the questions in the Math 1ibrary ..« . Students in these classes were given 2 brief o
. have a simitar kind of built-in variety, so - introduction. to GENIE commands, and were then

- !

. When GENIE was first made operational, in the

- . sumer of 1974, its first goal was to provide =,
a means of producing testing materials only

~. - for the various Algebra coursestaught in the

< Niles hi?h schools., Its strong points were

problem sheat commands: problem retrieval com-
mands, and sheet formatting commands. The sam-
. 'ple list of commands shown in Figure 3, which
_wolld prodice the first portion of the sheet
shown in Figure 1, illustrates both of these
types. - ) .

-

.- . seen as (1) the ability to produce, on demand,
1 * yalid questions from a wide. spectrum of topics;

(2). to produce similar, equivalent tests for The problem retrieval commands (liqes 3, 4,

~~ make-up og individual work; and (3) to do and 5 of Figure 3) are simply the library refer-
~  this with a minipum of teacher effort. GENIE » . - ence codes for the desired questions. A pre;‘v“
was totally successful in meeting this ini- \ fixed number, as the 2 in line 3, indicates
tial 20al. A teacher's preparation for a the multiplicity of a particular question.
. test cquld now be directed more toward con- ) With this, an entire drill sheet can be produced
tent and less toward worrying.over problems ' with a single command, 1ike 25 S1AN. A.short- ,
that would properly ‘work cut’ or about the Y " ened question_code, 1ike the S2I in line 4, e
K actual writing of a neat and organized permits GENIE t6 randomly select a question v
_master copy.. The equivalent copies of a with a code matching these first three charac-
_test that we ssible because of internal N * ters. Reference codes Shortened to two or
e question varjation guaranteed much improved even one Character allow greaterrange in the
PREEN in-cJass and between-class test security. . selection of library questions. )
N - And, perhaps most important of all, the - ) _ . . . ¢
. . teacher's Use of the same source materialg .Although not shown-in Figure 3, retrieval.com-
e . greatly improved the standardization of - . mds can limit the selection of the range of
~ course content and evaluition throughout efence codes in varfous other ways and can
. the Mathematics Department and-encouraged LN " also guard agyinst .the random selection of
‘ batter articulation with feeder §ch&’f§; the same question: co:_ieymre than once.

&~

The formatting commands used in Figure 3 (lines -
1 and 2) illustrate ‘a heider command (1ine 1) .
which supplies the title: to be printed at the

top of each page, and an tnstruction command

(Vine 2) which gives a phrase to be inserted .

at that po}g\t\'ﬁn the problem sheet. Only one
- ’ ' . : ' ‘

P : .
But this was-only the, start of GENIE Usage.
N Ouring the 1974-7 "school year, several.
. teachers found GENIE so convenient and easy
' to Use that they began to intedrate GENIE-
¢ produced mterials directly into their

. .. courses as homework and sipplementary

\ . . . <
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Objective

K Code

S1A

A Question
. Coder

\ S1AA

4 ' S1AB
S1AC

© S1AD
SIE
SIAF

S1AG

- - P

A\ s

~ " Statement of

{ Objective ' .

o

Solve a linear sentence with variables en one’;;ﬁ only

s

-

tvritions avaliables 17 0’

»
P, .

r
Example and Zescription

Variety of forams, &ll
equivalent to

X+A=0

AX:O‘or
0= AX

VYorioty of 50;537-411
rauiVaaint to

‘Iu'x=°
Viriety of forms, all
equivalent to

" .
Variety of forms, oll
equivalent to

-(As BX)=0

.. Variety of forms, all .

cquivalent to
B(A+X)=0

"
A ip chosen from the integers ~200
thru 20Q; X is a random letter

-
N -
.

A is chosen from the integers =200
thru 2C0; X is a random letter

e .

® 3

A is chosen from the iniegers -i0G’
thru %GO; X ic a random letter

N ®
A is chosen {rom the 1ntegers =200

thru 200 {nonzero; X is a randon
letter

A is choséﬁ from the 1htegers «200
thru 200 {nonzero); X is-a randew’
letter; +- is chosen randomly '

A and B are chosen from the intesr »c
=200 thau 200 (B nonzern)y £ is =
random letter; += is choser randrmly
. .

A and B are chosen from the interers |
«20 thru 203 X is a random letter

>

o

- _n S , Y
. ¢\ Figure 2 )
Sample page from Mathematics Catalog

Y ’ .b
v .
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59l \
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1) SH "GENIE' ALGEBRA SAMPLER".
2 +S1 "SOLVE THE FOLLONING OPEN SENTENCES". )
SIAN. . - . )

3) 2
4) ~ s21. , . AN N *
5) . ysmn. e X 2
6)  $S. T y
Figure é - : '

. -
Sample list of GENIE generator commands

Lo

<2
header command can be given_ for any problem
sheet, but instruction comyands are usually
. inserted before each new type of question, as
is done in' the &xample in Figure 1,

. . K .
. Line 6 of Figure 3 s an end-of-list indicator
%hat must be present at the end of each command
ist.

*These commands are marked or punched, one to &
card, and are then submitted, for processing in
¢ a batch mode. (GENIE is not and does not pre-
tend to be an interactive tool for computer-
s assisted instruction in the classical sense.)
| s At Hiles, student requests are handied through
an open computer lab, so that teachers do not
have to collect card decks or distribute the
problem sheets produced, and teacher requests
are processed via a special drop-box.

There are many.other formatting commands and .
several additiohal options to the retrieval
command, but that shown above is all that is
needed by students in the design of a problem
sheet for drill or review. Teachers who wish

. to exercise the greater control desired in
the creation of a test or assignment sheet,
will often use formatting commands to_control
question spacing, paging, and number or var-
iety of copies. They may also modify the
retrieval command so that certain problems
are worth more, than others or so that prob-
Nems are interrelated, even though they may
contain internal variations. While these
flexibilities are importdnt and demonstarte
the full power of GENIE, it is™The fundamen-

v tal simplicity of design and use that makes

. GENIE the successful tool that it is. ’
. ) )

v

i

~

P

As mentioned earlier, the GENIEjautho# lan-

guage is a hybrid combining thejforms of sev-

eral existing lapguages and features that are
probably unique to GEHIE. The jauthor language

is BASIC-like in.the appearance of its compu-
tatiopal statements, but adds several non-.

BASIC functions’ Tike LPF (least prime factor), .
RPN (random prime number), and GCD (greatest \
command divisor; 2 argumants). There is even . °
SRF, which takes two arguments, considers them

as numerator and denominator.of a fraction, and.
prints the fraction in reduced form. These and
other functions, plus.a randbhizing operator,

7, make internal variation:yiry simple to im-
plement. {; .o

The sample question listing shown on this ,

page in Figure-4 is short and easy to follow
_(for anyone with a backgroind in BASIC or

¥0RTRAN‘ Line 1 of this 1isting illustrates

ope qf the unique feagyres.of the GENIE author
languRge, the choice assignment statement. In

Authoring a Question
. ~

this- statement, the expression between #. and * '
* OF is evaluated to detergline which of the suc-

ceeding expressions~will be assigned' to the

left-hand variable. Strifgs and numeric values o

can be -assigned intgrghangeabsy to any -variable.
. L) «

The output statement of GENIE, {1lustrated by .
lines 3, 4, 5, and 6 of Figure.4, allows full

control over the appearance of thbe printed ques- ,
tion. Values to be printed, enclosed in the

L and 1 symbols, can be formatted themselves or .
%:own in a compressed format by default With

exception of the use of special cha;;ESg{f

and half-line advances, the question can be ™ .-

N made to appear gaxact]y as it would if _typed on
5. C - , 1) "C = # INT(125) OF INCHES" 'CENTIMETERS' , 'METERS' , ‘FEET'
-0 - 2) A= INT(1723) ' .o . -
, 3)  'THE BISECIOR OF ANGLE A OF A PARALLELOGRAH ABCD' S N S
e 4)-  'BISECTS THE SIDE 8C. IF AB = (A] [C], FIND THE' ‘ _
~ 5)  'LENGTH'OF BC.! ’ ! : o RS
N B «6) AcBC=(2w) ) . Chy
( s a Figure*4 - l )
© Lt Sample listing of GEWIE Mathematics 1ibrary question N
. . e : v . “ v
. sq2 ", . TR
- . [ .

-
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The A: of line 6 is gn
indicator for the autgmatic positioning of the
answer portion of the questionp

a standard typewriter.

.Figure 5 below gives just two of the many ways

in which the question 1isted in Figure 4 may

come ,out on a problem sheet. authoring teacher's discretion. . -
finaily, it should be noted thSt GENIE permits Experience has shown that teachers unfamiliar
guestions of various types to be included in with GENIE ‘and, igefact, new to programming,
. ’ can become competent and comfortabie in aythor-
v - ing questions in a couple of days. K&
. LI
AlLOF | " GAMFLE ’ f .
[Ty Yy @
FARALLELOGRAM ABLD
;’;EE§§§E$L§“§§E“'§?LE\,? 2; 2 10 CENTIMETERS. FIND THE R . R .
LENGTH OF BC > - BC = 20 CENTIMETERS
tRERE ! * .‘
Al1GF SAMFLE : l
e THE s!secmn oF ANGLE A OF A FARALLELﬁ“" ABCD N ’ C /
BISECTS *THE SIDE BC 1F AB = 11 INCHES. FIND THE Lo : .
LENGTH pF BC = , BC = 22 INCHES . ’
] - ' v ' T % ' ’
- -t *  Figure 5 - ~
. . Sample problems produced by the questfon.shown in Figure 4 ) -
-~ \ LX)
. Y N “
Summarz ST, , The GENIE system offefs this range of appli-

As has been shown, GENIE i3 a fiexible, yet .
simple~to-use, system for producing computer-
.generated problem sheets. It is useful in . .
a wide variety of manners and in a wide variety
of subject areas. While the illustrations in
this article have been drawn from a Mathe-"
matical setting, teachers in the Niles high ,
schools have developed 1ibraries in Chemistny,
Physics, English, and Social Studies as well.

" 1ts libraries. Thus, while the, questions

shown in these illustrations have all been *
computational in nature with the correct
answers given, they could just as well haye
been multiple choice, fill-in, or essay. The,
answers may be supplied or omitted at. the ‘}

cations on a very small computer {the original
design runs on a Digital' Equipment Corp. PDP/8
with 24K of core). This makes it ecofiomical
enough for individual school districts to devel-
op and support their.own question libraries,
while having others to share from. This ability
to 'exist in small computers, with all the ad-
vantages this suggests, means GENIE should

find & comfortable home in many educational
conmunities-

Note: A iarge portion of the Mathematics library for the HNiles schools was developed with the aid of
funds from the-I1lingis Office of Education, Gifted Chiidren Section.’ .

—~
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wnly when demongtrated by a computer.

ties .l Jata when needed,

.

You have all fought the prpblem of. trying to
explain a complex relationship,tusing nothing but
* a chalkboard. If the relationship is esseniially
a dynamic one the only way to show it on a static
)0 chalkboard is t4 make several drawings -- a time- |
consuming ‘procedure.” -

And what about those students who cam}ot /
understand new material because they don't under-
stand basics? They need ‘apd1Y, drill, and more
drill in basics; they have had ample opportunity ’
to work problems but.they-Can never bring them-.
selves to open the book.

aund a synergistic arrangement -

Computer Club and our regular mathema-
tie asses ¢ach provide something of benefit
tg"the other. The result is greater than the
sum of the parts. The arrangement is quite
simple; Computer Club members sometimes visit one
or more classes to describe a topic or to

, demonstrate an application -~ other times an en-
tire class or ‘Part of a clags goes to the Compu-
ter Ropm to observe a demonstration.or for a
'handgegn] session, \

7 ’ The original purpose was to generate inter-
. ‘.est in the Computer Club to maintain membership.
// As the club continued and Itg members, in Yearn-
ing to use the computer, improved their general
v math knowledge, -they started helping other
students, The bilateral benefit became a fact
as interaction between the Computer Club and
regular classe’s benefited both.

After setting tie stage with some background,
.- 1'11 give a few exampleg that will be of interest
P to everyone, Then there will be, some .suggestions

. . [fot others, to build on and, finally, there isa &
* -+ ™ook at ather possibilities.
, -
. 594
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. ABSTRACT: The art of teaching has advanced with modern technigues but there will always be some students
who have great difficulty learning certain mathematics concepts.
children pill accept love from a puppy but not from a human, some students will ace2pt certain principles

Examples are given ¥o show that a computer can.get weak students *

, tu do thelr nUrkshop drills, can impress certain rules and procedures on students, and can provide quanti-

Background conditions are given to assist readers in relating the problems des-

- cribed to their own sftuations, and comments for further disdussion are offered.

Club for those interested was the right answer - ’ .‘

It has been found that, Just like some

¥

BACKGROUND CONDITIOQ‘ .. .

First, a desoription of the situation and ¢
conditions we are talking about, so you will be
able to relate -the problem and solution to your ‘
own situation. With this background you can de- "N
termine the degree of similarity, and you gan
arrange whatever adaptations are best. s

The ‘Bishop's Schools are a fairly small pair
of girls and boys' independent.schodls, grades ,
7 thréugh 12. Total enrollment is 400. A couple . .
years ago-we acquired a Monroe Model 1666 desk . v
top programmable calculator, and immediately
built a Computer Club arousd it. Club’ mémbers
first gpent their time learning to use the . s !
machine in all its modes -~ as a keyboard calcu- )
lator, using a stored program entered f o zp
keyboard, and using & .stored program entered by
way of punched cards., After they learnéd to use ™
the machine, club members began seeking ways to k]
put their abilities to use. .

\ !t

Our upper schbol‘offers, in additién to
various arrangements and combinations of two
years of algebra and one®year “of geometry, a
yeam of advanced algebra and a year of calculus,
It can be seen that the small size of our student
body (which mears a small senior class), puts
limit on the variety of electives which can be
offered in the Math Department. Addftipn of a
computer dourse would have strained ?egistrationr
in other classes to thé point.where our alréady
small classes (many classes have five or six R '
students, and twenty is the absolute maximum) . “\\_
could not be justified. Therefore, a Computeg «

' A

for our situation,

’ .
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l WORKSHOP ' interest in-legi'ning basics iMda compiter gives T
[ . : - them problems:- and checks their atiswers.
The ¥first opportunity for club members to.put ’ : ~ LT
their abilities to use wAs a-mathematics workshop . . ’ ’ LR &R
in basics. There always seem to be sof. students PRECISION #, ” ! -,
. % who were absent thp day their classes were taught ’ : -
to add, multiply, subtract, and divide. Those same . bne thing* our classes-learned from club mem-
individuals.are rt 1¥%Ely to be the ones who would per’s s @t when a procedure is ‘to be implemen-,
.take a book and work problem after problem until ted literally, without benafit of <':ommon' sense, *
they learn the skill.. That's one of the reasons - it's necessary that the procedure\ be preglse. It |
why they are lacking in basics today. But working is so éasy to get into the habit of sloughing °
with a computer -~ that's.something else again! through steps without really understanding what's
They have to sign up for & turh at the computer .-- correct and wrong. ‘The human mind is. correct &
to have the ccimﬁuter give them proplems and check ° surpriging percedtage of the time when it grabs .
their answetls. ;.. for something that "seems! right"; when'it's cor- .
- ’ ‘ . rect a given percentage of times its host passes . ‘
. Say a student wants to practice addition ®f e course. ) R . .
! v whole numbers. A club member loads the computer * : ‘ et . . )
! fram a set of punched cards and then the computer After Computer club members did gnough pro- T, .
and the student wHo needs help'do all the rest gramming to appreciate the need for precise e

.

. thyﬁelves. The student first enters the upper -,
. and lower bounds of the numbers with.which he *

wants to pra::gc)e agdition and then a built-in

random numberfgenerator selects the first problem

to be printed. The student punches her answer on™ -

. the keyboard; if it's right the computer prints

out the next random problem, if it's wrong an

error message is printed and .the student tries
again. The random number generator can produce

wwithout recycling more problems than anybody

" would want -ih a lifetime. ' .

There is a similar program for giving prac-
tice in subtraction, and it, can be arranged to
give problems with positive answers only, or to
include problems ‘n which a positive subtrahend
is larger than a positive minuend. A wider range
of practice can be obtained by ‘using the addition

. prograp described, and Ehter negdtive loheg bounds
for numbers in the probléms resulting in a mix-
ture. of both arikhn?etic and algebraic addifion.

(

- - JIn the same way, students can ask club mem-
: bers to 'load. a program for giving them multipld-
cation and' another for division préblems. There
are also programs {or giving practite working
with fractions. , . .

. ] . < .
. Students work the simplest problems in their
heads. For others they are encguraged to work
the problem on paper and then enter the answer
on the keyboard. In addition, after the mashine
prints out a probler the keyboald is“available
for use as a calculator; the student pan work an,
entire problem, or one .step, or a grodp of steps
on the keyboard.: This feature is important -be-
cayge the reason some’ of ‘the students need this
help is that they never memorized their multipli-
catioh tables completely and mccurately and it
is common for them to make the same mistake
- every time they try a certain.problem. As men-.
»tioned; if the Wrong answer is followed by the
,CONTINUE button, machineghd student stay in a
loop and never move on to the next problem.
24 . Q\
5 . .
The point is that some student®, when
. opening a workbdok and seeing pages and’ pages
4 . of probléms havé(all they can.do to force them- .
O selves to spend a bit of time on them. These

* .. are the students we. especially want to help.

: A lérge number of that subgroup will Lind new
.Q. . i b ' LS A
-
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: Q U L
7ERIC . :
gﬁgaﬁﬁma

- . 3 : A

. <", bugging & program.

thinking, they talked to cldsses and entertained
them with tales of their own frustrations in de-
Students gdt quite involved .
. in the explanations and were pleased when they
could spot errors such as "forgot to resét the
counter before beginning a new series," or some’
similar’ oversight.  Some club _members are quit®
good at leading the class to "I'ipd" the errdre '

For a related situation, &epsider That old
familiar error of saying that the sguare root of ¢

. 8% +b° 1s a+b. This error persists without
limit in spite of explanations, brainwashing, and
low grades. Strangely, some Students know that
the ‘square; oot of 3° 4 4% 1s 5, and they might
even go through the steps correctly, but they so

» often follgw -the wrong' procedure when using
symbols or other numbers. But let a computer.
point out that one procedure is vh;gng and ong is
correct . o .} Lo

K Here's what happened. Under guidance of °
Computer Llub members, some class members worked ' .
Up a‘flowschart which properly squared, added,
and then took the square root, as shown in
Figure 1.
Just (for the hundredth time) written 7 as the |
equivalent of the square roct Of/3 + 4'2 “were

helped to prepare a flow-chart wRich would cause
the computer to follow the same steps they had

+  taken, .as Shown in Figure 2. “The reddculoyshess
of this process was immediately. obyiols to sore
studentg, and they learned their error without
going any further. SN

.

, Clud mgmberé ‘ﬁxeﬁ wrote Programs ¥nd came .
back at the next class meeting to &xplain how the
program stepsafollowed the steps in the flow

+ . charts. Everyone went.to the Computer Room where '’
the programs were loaded along with a framework
program, that .directed the computer to accept a’
value of a fxom the keyboard, print it, accept a

4

“value of b, from thé keyboard, print it, prini the .

ahswer by the process of Figyre 1, print the

answar by thg process of Figure 2, and return to

accept ‘'a new value fox, a. ‘Students took turns

,entering a's and b's. K f&F entered Just one or,
¢« two pairs and 14fT-bht’by far mdst of them enter-
© ed many, meny pdirs. Almost all took 'the printed
apparq%_ly 1ooked them'‘over be- |
“ cause severa]l styidents made ¢omments when we met

At the same time some studehts who had . -

.
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1

- the computer's ability to handle these numbefs

again. . Y. .

~
. That same square root problem was buried in
a routind test a month later and no one (not oné€)
made the same old error.
1 . «

Of course, the students could go through the
sare procedure manually They did, many times.
And they understood wheh the error was pointed
out. Many had worked the expression both ways
on & hand calculator and understood the differ-.
ence. But the error persisted. It seems there
is magic in havink a computbr show the differ-
ence between right and wrong.

It is interesting to note that most stu
dents would first enter numbers such as 3
4 ' for a and b. Then they would try pairs which
were not necéssarily Pathagorean numbers, suf
as 8 and 9, or 20 and 30. Finally they woul
enter numbers they would never try manually, )
such as 7628495, or 5.194736. Perhaps it wa

without a pause that earned it the student'sj -
respéct. metimﬁs they entered the same pa
several tifes, as if to see if the computer
Just guessing and might not give the same answer
repeatedly. .

. Admittedly the computer was Just giving
numerical ° examples -- not a rigorous proof. It
is better for overall understanding and applica-
tion if the item learned is understood from a
basic proof. ' But the proof had been given and
those who were inclined to understand did so;
for the others the choice was learn from numeri-
cal examples or not at all. -

o
-

. Along the same 1ines‘ misunderstandings -
regarding signs.were eliminated, leaving the
.only sfign errors as those due to plain sldppi-
ness. The background was the same -- students’
had been not quite sure of the procedure and
were. getting by (rather admirably) with & high
degree of -Judgment .

The method was differeht in that only the
correct procedure was flow-charted and program-
med. Class members made up problems and with
the help of club members, ‘prepared flow charts -
club members wrote and explained programs, allow-
ing for.keyboard entry of variables_ Awtypical
problem would be such as:

= a+b - ¢ + (d+e) - (f*g)+/ﬁliljka+1-my7

Some problems wére simpler than this and some in-
cluded fractions and exponents

Students prepared 1lists of values to give
the letters -- some positive and sope negative,
and then entered those Yalués. We had some in-
“%eresting sessions showing why the computer's .
answars were correct, but in the end the stu-
dents believed and learned the rules and proce-
dures. When the computer told them .that % minus
& negative 7 is 12, they were convinced.

And then there is parentheses and grouping.
Club members wrote.programs_to demonskra%e dif-
ferences such ag between ab and (ab) . Al-
though they wer| simple Programs, they benefited

- ! e, [N

Q-"'/‘ ) "/

club members and clasg members alike. Others we
looked at included -1 and g/b + c.

. N WXy "
1 ~ ‘ ab

-

]

FAMILIES OF CURVES

Some students had difficulty in grasping tLe
total significance of a’change in the constant in
equations such as e

= Wiy’
y = K3

ory =k log x

the standard way has been 10 make up & table of
sets of X and Y, pairs, calculated while holding

k at a certain value. Thén, make up another taple
of pairs while holding k at enother value. To, fo
this for 5 or 6 values of k, and then plot the
points and sketch the cirves with a reasonable e-
gree of accuracy on & large chalk graph, requir d
that an entire class period be set aside. 'Or, the
teacher could take the finished product to cla

and make g brief explana;ion of how it was pro-
duced. The .disadvantages of either choice are °
obvious and, worse of all, a significant number ~

of students still missed the concept.

But, once again, the computer worked its
megic, and reached Just about evéryone, and it in-
volved d. very little deviation from the 8tandard
approach. First, the students heard a standard
explanation of what we were doing and then they
were shown how- the computer would calculate X-Y
pairg for given values of k., Next, a preplanned
program was loaded and the computer was put to *
work printing out-a series of tables. . A sense
switch aldowed' us to choose, either to enter in-
cremental values of k and x (and then ‘the whole
serigs of tables would be Tinished automatically),
or could enter & k followed by selected values
of x until we sent the program back for another
k. After.the tables were Drinted, students plot-
Ted the points 'quickly, accompanied by nods of
understanding from zhe others. )

Then, using both table and graph, it was
pure pleasure to explain how to work, "If
varieg as the inverse.of x, and if y is 12 when -
x is 25, what is x when y 1s 24?" Suddenly there
Wwas mss understanding of the fact that any parti-
cular pair of X-Y numdetd is found at Just one
place on the graph,.and the graph 'for only one
velue of k goes through that point. .

Of course, they could have seen the same
thing by ¢alculating the tables.themselves or by
accepting tables the teacher or someone had cal-
culated. They could have séen it, and many did,
but-when the computer talked, everyone listened.

GAMES - - .
The first reason for introdieing computer
games to the students was. to.generéte 1ntereat‘1n
the Computet Club. It worked-well. 'But & more
important benefit turned out to be that.many i
students {egan to look formard to talks from club
members on what new game they were developing.
Usually the students were not sInterested to the
point of wanting to learn to program such games,
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CONGLUSION,

but vhey were fascinated by the idea of playing
gazes with a machine.
they happened-to pick up a few bits of knowledge
during those talzs of what others had accomplished
on the computer.

T They'elsé learned a 1ot about iogic and rea-.

sorning,  For exazple, one of the simplest games
s, "Guess a ngmber." In this game, one player
enters 2 number and then the opponent makes
'ues%e:, with each guess the computer tells the
guesger whether he is too high or too lpw. When
<he <ofrect nucber is guessed, t@e computer tells
sy rany guesses it took and then returns for,the
first player <o enter a new nucber. The point is
thar}students quickly learned to minimize their
giesfes bty eliminating large blo¢ks of numbers a:
a tite. They also, learned, when entering <he
nuzbgr wo be guessed, to iry anticipating the
strategy <he other player would use, and to avoid
nuzbels that would be the midpoint of a logical
block of numbers.

each jdemonstrat some particular point, d each
teaxiing sormething as a side benifit.

*

%e progressed through more domplicategrgames,

" Programming of :ig tac toe waquui e alchal-
lence on this small computer and therefore gvery-
cne involved 'learned a considerable amount about
stravegies and about programaing. Those whq

" worked on the progran became unbesiable whenever

<hey played a conver*ional game of <ic tac toe.
- e

A very important topic learned from this
gaze was the use of literals. Since our computer
does no: have matrix subscripsing capability, we
u§ed powers of two tohrepresent each of the nine
1ocations. Therefore, any given sum of literals
representing occupied spaces uniquely identified -
the corbination of occupied spaces. COnce they
learned how to have the machine identify the
spazes occupied dy itself and by the human player,
the club menbers were able to completesthe pro-
so that the computer would find, in its
menory, uhe correct move for eyery si uayion

It was a ve"y simplis iz approach and the
computer didn't learn a thing =~ dbut <the club
rembers learned a considerable amount. _Besides:
learning the difference between numbers, as Tm-
erics and as literals, this game taught them how
to think through 2 strategy. And our Philosophy
teacher was interested in some discussions on
thinking that resulted. Students gd to-seriously
looking into the question of following specific
instructions as opposed to following policy in-
structions. Many of them starsed qliestioning
their own thought processes and there was a per-
ceptidble jump in the number of studentis who
sought & basic understanding of what they were
learning, rather than trying to memorize a set
of steps to follow. The benefits of programming
this game were noticéd in 81l dgpartments.

N L = . ’

“say, "I wouldr/t take that fro him" when we

Just the?jlne as wevsee pdople of all ages '

know they would "take it" frq another person,

.
»
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And while being fascinated,

‘amounts of detail.

<

we see students opening their minds i2 an explana-
tion when they see that a computer has acceprled
it and operates according to it.

There s a bilateral benefit to having
Computer Club members help out in regular classes.
It is’ciear that regular classes learned from
these interactions. In addition, many good ques™ -
tions were asked during club presentations, and
the club members learned to say that’ valuable
phrase, "I’don't know but I'l} find out and le:
you know." They learned to say it and they found
out and reported back. Each group triggered
something in the other group. Of course, thé
Computer Ciub members benefited the most because
they were gEnera‘ly members of both groups.

Qur big limitatioh was the coxputer's cap-
abjlity! 1If it worked-in a simpler language,
st students could have learned to write their

. o¥n programs and could have gained considerably

more oyt of the entire exercise. The relatively
small amount of storage limited the types of
progranms, especially games, 'that could be used.

On the other hand, limfited capability czauses the
programmers to examine alternative procedures

and to learn to optimize programs. It.also leads
to some discussions and investigations on wha:
could be done with additional capabiliy.

Regarding the workshop programs, more 2ap-
abilix vy would definitgly be of benefi in allow-
ing for diagnosis and instruction subrousines.
It.would elsp beccme possible to keep cgunt of a
student's errors and to work some statistics on
improvement rate

A school that has an X-Y plotter should find -
it interesting to.let students see point: &S they
are being grgphed at the safte time they sre telmg,
ealculated. The significance of. each step might
reach some because of i1ts immediacy. .However,
the number watching this live on-line ac ion would
have to be limited, and there might not be Y net
gain when‘considering the time lost-by having %0
rerun the graphing repeatedly for smail groups.
Having a student or teacher do #he graphs on an
overhead projector or 2 large chart for an entire
class did not .seem to have enough drawbacks to
say that the lack of an %-Y plotter‘was a serious
problem. . I

Improvements can always be made, even with-
out &dding capability. In the workshop programs
mentioned earlier, perhaps an "I give up" rou-
tine wpuld be worthwhile -- provision for the
student to admit he's reduced to guessing so that
the computer can give the correct answer and get
on with the next problem. Of perhaps it zould
kranch automatically info this routine after a
specified numbet of errors®are made on any cne
problam. .

. One pitfall to watch out for when membepg o
the-Computer Club are explaining a program to a
regular clags; there is-a tendency for a student's,

of ~

interest to manifest itself in a baprrage of ques~ -

tions that, on examination, go intof inappropriate
Club membersjarp glad to an-
‘swer such questions but nothing js/gained if the
answers do not really lead to a fl arer under-
standing of the method.




LY [ I 4
. . .
<
Even though there are no doubt other improve- ) .
ments that could be made, the idea of using a Conm-
puter Club o corplement regular math classes seems
to yield the benefits expected, plus several side .
benefits. . .
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ABSTRACT:

auxiliary storage devices, environ

One of our responsibilities as instructors of
enviro aagental design, which'covers frive degree
progr (Archi tecture, Architecturyl Engineeriag,
Landscape Architecfure, City Plannifig and
Construction Engineering), is instr
principles of three-dimensional pro
form generat1on. These principles
interspersed in seteral of our intr
and subsequently applied ip many of
courses. At the introductory Jevel,
of emphasis is placed upon students dcquiring a
proficiency in spatial perception. This instruc-
tidn is of critical importance in environmental
design education since most building design or
urban design prob]ems are associated with the

~ definition, shaping, grouping and descr1pt1on of
three- dxnens1ona1 forms. o, v

-
’

ction and

e directly
uctory courses
he advanced

a great deal

.

The approach used to deliven three-dimensional
pro;ection igstruction is to start by examining
two-dimensional ‘views of solid obJects and to
have the student describe the obvécxs;;hnee-
dimensionally by the use of conventional isometric
and perspective hand drawings. The student thkn
finds out if his perception of the object is
corrqct by submitting his solution to an
instructor who evaluates the student's work.
Subsequently, the student "is provided. wmth an
opportunity to compare his work with' that
produced by his co]leagues as well as, a cacyect
solution obtained from the instructor.
Unfortunately, this procedure is subjected téJa
time delay of usually four or five days beford:,
the student receives the desired instructional
-reinforcement from the instructor's evaluation. ~
It is most imﬁortant that this time delay be
reduced to a minjmum. If the instquctional
" Yeinforcement .gofi1d -be received Py the students

quickly, the impact would enhance” tie three-
dimensional visyalization 1garning process. To
acconplish this end by placing fthe responsibility
of instant feedback on the instructor is limiting .
in that ét requires the course material to be .
restricted /to a defined set of problems., all of
which haﬁ?nnster answer sheets. However, in

.

.

* order to giive the course some degree of

Aruitoxt provided by Eic:
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thh the advenlt of low cost graphical display devices, jt is now poss1b1e to purchase at
reasonable cost (under $30,000) sufficient computer power and peripheral devices for the generation
and manipylation of 3-D images. néng a stand alpne system of mini-computer, d1gxt1zer and cassette
ntal design sfudents experience form generatlon in a more
comprehensive and expeditious wmanner than is possible using conventignal studio methods.
computerized form genekation techniques are d1scuss£d

flex1b111ty in content, it is desirable to make
changes 1n the problems each school tenm. ‘A

‘Another negative feature*of this process is
that when the student mechanically describes a
three-dimensional form it is usually with only one
view of that form and by this it is assumed he has
mastered a visualization of the object. It may be
the case.that much of the form hidden from view or
only partially in view is not understood and quite
poss1b1y the student chose a particular view
Because it was the only one he could draw
accuratgly.

An effect1ve solution we have found to the
problems is the utilization of an electrd-
mechanical drawing dev1ce composed of a digitizer
comected directly to a prograrmable galculator
which is in turn connected to a digital plotter.
This configuration is capable of converting two-
dimensional drawings into three-dimensional images.
Students then check their work d1réct1y against the
solutions provided by the device. It is the nature
of this type of electronic system developed that i}
requires a person %o trace the approprmate Tines in
the two-dimensional views before a three- .
dimensional image can be obtained, which is a
similar process to the conventional mechanical
technique where.we requireé the student to redraw
elevation views to familiarize himself with the
object. As the student traces a two-dimensional
line, its three-dimensional counterpart is
produced. Accordingly, the studerntt recognizes
instantly whether the correct line s being traced
as the three-dimensional image emerges. If the
student has any innate ability to think three-

gdimensionally, this reinforcement will improve his

lity consjderably. It also quickly exhib1ts
ﬁ?zatio deFicTencies. - .

Afteh,i estigating many manufazturers of
programmakle calculator equipment fesired, we
found at the time (mid-1974) that fhe Hewlett-
Packard would be most cost effective apd satisfy
our needs fo¥ Single station use. The 1tems
purchased were as follows:

+

~

A variety of -‘é.

"




{TEM 1. 9830A Calculator:

. This item was chosen because it -used a standard
¢ programming language and subsequently provided the
- students an opportunity to,learn a standard
programming language as well as make -use of the
graphic capabilities of the device. This capabii:
ity also allows the equipment to span into other

* areas of our instructional program when not being
used for the application described*in this proposal.
¢ ITEM 2. 9866A Printer: o ’
. The prograsmable calculator required pre- '

programming* for various applications. This
«programming was not extensive because of the
* simplicity of the programming language. Adeguate
progrgms for this application can be written in
one day. It was essential that a printer be
[ . provided with the calculator to obtain listings
" of progréns as they were developed. ]
ITEM 3. 9864A Digitizer:
] Th1s equ1pment serves as the’ 1nput device
\ coordinate information. o
M ’

98624 Plotter: . ,
5 I
This plotter was chosen for this project for
¢ the following reasons:

‘ ' ITEM 4.

l 1. It provides hard copies which are required
\ for review by the instructor.
B 2. It interfaces with the 9830A calculator

with the maximum simplicity.”

3. It does not require special- paper.

ITEM 5. Option 272 - Read Only Memory:
. . This provides the interface between the vdrious
components

This entire package was undér 520 000.
" Approximately 300 students have required projects
on the system throughout the academic year, plus
+  there is use by a great_ many students wHo have the
. option of using this equipment for three- dimensional
. projects ‘in advanced courses. Attachment 1 provides
. a brief users' manual for the basic perspective
generating system-

-~ -

Figure 1 is an example of a typ1cal plan-
elevation to three-dimensional translat10n
performed by a beg1nn1ng student. *

More advanced uses include the making of >
animation movies*(see Figure 2). ,This is
- accomplished by picking a 9er1e§‘6f view points
‘that can sequence a viewer through a scene.

{ Photographs are then taken of the individual

- frames, then the photographic sequence becomes
the movie. .

is the concept of form generatioy based on
abstract unit growth whjch requifes that
be int

repetitive primary uni related in such

- ' A third major use is jn basic éesign
‘investigations.., A commo intro;zctory problem

/ 601
+ ' ’
Q
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Aruitoxt provided by Eic:

‘for

. | output which is necedsary in a student environment.

.

a way that they establish logical patterns
determined by sets of established rules. Growth
concepts are tested on the system by a repetitive .
design program which allows the user to define a .
primary unit--any three-dimensional form--and

attach another primary unit to any edge, surface

or point on the original unit and continue to

repeat this attach process. As this procedure *

take§ pwace, the entire object can be rotated .

with the perspective program thus achieving

rapid form generat10n and visualization.

Two deficiencies can be noted in the system. '
First, because of the number of students involved,
the single work station. concept is confining. We
are in the process of expanding. ,Second, when .t
is necessary to make several plot! either to
achieve the proper angle of view desired or fo
group objects intod scenes and produce an L .
animation sequence; there is a short waiting
period - for a number of drawings to be generated. =~
This plotting problem could be eliminated, at a
considerable expense, using a refresh type .
cathodé ray display, which is capable of

| dynamically regenerdting views, instead of the'

! plotter. But this eliminates the hard copy ,

E 1]

; This system has generated a good deal of student
‘enthusiasm. They gain insights about perspective
which can only be acquired through more tedious
exercjses. Plus, they have the possibility of
produting foffn animation-and growth generation
-drawings that would be-1mpract1cal to produce in

any other manner. '
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FIGURE 2. -

TYPICAL ANIMATION SEQUENCE




“separate objects with up to

. fallow users to trace plans and elevations on the

ground line. The-plan drawing nust lie entirely EXECUTE
. withip the range of; the twnzl1nes radiating from . -
the eye station. N ¢ DRANIHG PROCEDURE ° - S ' ) i

press “EXECUTE“ on the calculator keyboard. This

i <, e LoDy T ey
¢ . ' T e - ' . . N - 1. L
. L - ’ 1
: ’ ' , shou]d gause the message "BEGIN DIGIT!ZINS AFTER! ot .,
- ATTACHMENT J. . * ., THE BEEP" to appear on thehcalculator d1sp1ay -, ‘
PU T ne——— .+, The screen will.go blank when the calgulater is TP
ABB%EVIATED PERSPECTIVE SYSTEM MANUAL - wétt1ngﬁ£qr an entry from the d1g1t1zer ‘//" e
4 L "~ - L I
INTRODUCTION - QRERATIO .. : N ’ , 1
. 1 s i " . ; ' v
anaTgéiu?23"$n ;;é‘gsggg:$°£°;?”:ﬁebgeiggggggse gﬁiThe ser dec1des upon what operation he wants . 1
Eys m. The system consists ofsa Hewlett-Packard j:ﬂewiﬁgtiﬂetg1pezform tonnwngs ar:hgiven op L
983(A taleulator, a 9862A plotter, a 9864A L e,;33t1°n for arewseq orooug TTOM e P v S
digitizery a perspect1ve system:gassette and: éata' t the 1 r rhw g_pperaf\ogs ar ronE menu . Ty
file cassettbsn- NE) at the lower right corner of the chart ome
. H “EE commands (e.g., rotation, picture plane movement

and-height of viewer) are entered through the

Eath data file tape is c-ssg]e of storing 45 calculator keyboard (with the exception of the

l1nes each. As

STOP command) ¥hese commands are asked for by . ;
each objéct ig stored On the daty tape the user LT Y
is asked—fer—a—protect code which will assure that a fressage cis displayed on, the display screen. .
no subsequent user can copy over that file. When RICOVERY . D ‘ .
a file is copied over, all of the previous —_— 4

ipformation is teplaced by what is currently in
the data portion of the calculator's mdmory.
Cbpyipg 1s accomplished with a STORE command from
the digitizer*s menu._"

o If at any tjme the uSer wishes to interrupt . }
the system, he can do s¢ by pressing "STOP." The

procedure for continuing the operation at a place

where the system will ask for further 1nstruct1ons

is "CONTINUE 100" followed by "EXECUTE "

INSERTING ‘DATA_TAPES . . -

OPERATION ) \*

The function of .the perspect1ve system is to

* It is not necessary to turn the calculator off Y,
to insert a different data tape. The prdcedure
is to place the cursor on the-bottop box of the

digitizer, ahd have the lines they trace’
translated into perspectives-on the’plotter, The *
first step in the procedure is to align the plan
drawing in the proper orientation for' the view
that is desiréd and to place the-elevation on the

. menu and press “S" {a labeled button on the
+' digitizer cursor). After the tape has rewound, ;
exchange it with the other tape and press "RUN N

)1 ywing figure i]lustrates a standard
chart that/consists of two sheets and is taped to
e of the digitizer. The draw1ngs should

First, be sure that paper is on .the }lotter
bed and the chart hald button is down. ¥ the N -
drawing procedure is' begun directly after the )

ced under the standard chart to give the "
digitizer cursor a flat, obstruction-free surface ggég"laﬁgfpgliglgys]aggségvgégizlgiﬂg QF;§§ ;25 . 1
to be moved on. The cursor must remain close to : P Y 9 :

information will have been entered. In this case, *
the calculator will establish the picture plane
five inches away from the viewer and his eye,

the digitizer surface or it.will lose its
reference position and-a-beep-wi-H- sound. If

-this ogcurs, the curdor's pesition can be easily . - e o
reestaglished by placing it :at point "0" on the gﬂ;ﬁ: in h:sugggvﬁazhghgrguggogt ?hgtsca X °:h2h¢
charg and pressing button\"g.* o ption o 9
: drawing by placing the cursor on eitfler the p]an
- - or elevation. If he chooses the elevition, .
START UP PROCEDURE nothing will happen at the plotten, but the red - A

light on the cursor yill blink when he presses

the "S" button on the digitizer. - This tells him

——— ) that te has made an entry to thé calculator which

télls it the relationship of the plevation of the = -

.point to the ground. If he then takes the cursor. -

to the plan view and presses the "S" button on

the digitizer, the plotter a§m wi]]bmove the pen’

to the proper place on the plotter bed and set

4. Remove the system cassette and insert the the pen dogg If he'moves the cursor to another
point in plan and presses "S" a Tine wil}l be

data. tape.
. o e - " ~————drawn—-in perspective parallel to the ground at a -
5. Press RUN" folldhed by f:mg' diggance established when "S" wag set at the- .

1. Turn on the ca]culator, plotter and
d1gitizer . .

»

2. Insert the perspective system'caséette.

3. Press'“LOAD“; after Fv ’ pre;s ?RENIND "

The calculator should respond with "SET 0 AT origin  elevation. If “S" has not been initially set.at

AND EXECUTE" shown on the display Panel. Hext the tcSUﬁzevation, the 1inewill be drawn on the L -
cross-hairs of the cursor should be' moved to the g .- AN
jntersection of- the picture plane and the center =~ °

‘To draw vertical Tines the cursor is taken to
ths elevation where the hefght is reestablished
and then back to the same point in plan. To draw
sdoped 14nes the cursor is brought back to i’/ﬁ/ T
b }
Y

of vision on the digitizing surface. Press button
"0.'" If it is not already on, the red 1ight on
the cursor will light up. The next 'step is.to

different point in plan after the height has
l.v

bNY




reestablished. . . s RESCALE I - Rescales all the values in the data
SR - - “set clirrently in memory by the, .
A To (90 to’a new point without ‘drawing a hne, . . svecifled sca}e factor. :
. thie cursor 4s taken to the "BEN UPY box on' the menu” f *
and "S" is pressed. JThis action lifts the pen. .It R SCALE 111 - Resél\es aH “the valuess in memory
. will remain raited untiT it has been repositioned * ° v Sby a different.specified scale factor
. . to a new point on the drawing, at which time it . -forsthe width, depth and heigh.f of, v+~
- wﬂ] go baok down. . o, ' the object. 3 .

t Ny .‘ . .

If the user makes a mf‘stake, and draws a hne —_— .
he does rigt want, he can move the cursor to the . ‘ « -
"DELETE LINE" Box on, the menu ard press™'S." N .

. T The pen will raise’ and be repositioned; at the .- v - .
st start of the deleted line. This Jine will be . C - i -
rehioved from the data fileys BT : R . )

‘e

STORING OAT‘A FILES ' . i o7 P

.created by thesuser £an be stored on the data tape. ’ S AN LY ‘
This is done by sgrt ing the cursor over the “STORE" _ . .
. box on“the menu and pressing "S." The caledlator | Lo .
. « will ask fog the file number which is’to be kéyed ) A
in at the keyboard.,\If the file is open, that is, o 0! ~ . .
if its protect cbdeis zeto, the' calculator will .
. ask for a new protedt code and store the data. -, - - ’e .
Protect codes are arly four-digit numbers. If the . !
file has already beeh assigned a‘protect code, v L. . -
the user must be ablk to key it in when asked ° . - .o
(before the calculator will store data in that d
fﬂe) Storing data into a file completely » . ' .
érases what was previously there and replaces it . RN ’ i ’ M v
with everything currently in the data portwn of |, - -
the ca\cu]ator S memory. - R

Lo . e
At afy tfheth :;(drawmg operation the data = ° e e, 2o

- .
.

- LOAOING 0ATA FILES ) . - B L

. ' ’ . . ]

- v The "LOAD" 1nstruct1on is used to bring data . . : . .

’ that has been previously stored back into the T .o e
calculdtor's memory. Before new drawing data can. Y .
be added to the data set, it must be redrawn or ., - ¢ L LR
repositioned as d1scussed in the followmg : ' . ,
sections. . . ; L . - -

SUMMARY OF- COMMANOS USING THE OIGITIZER AND THE MENU ;’ . coe ) . ’

A

PEN UP - Rafises pen . L e B
. DELETE LINE - Renovés the last Jine drawn™from the
. . data set and repositions the pen to , ot ’ :
‘ the start of the deleted line. If R . ’
the last command was a PEN UP comhand, . . N
. ."S" on the digitizer should be. ' L . ! :
N pressed- twice. ot D .
SCRATCH - Erases the data set.  ° LN e e
. . . PEEERN .
L. —  REDRAW - Asks for view information and redraws the T . v oL
- data set currently in the caﬁculaQr't . L B . Coe
3 ¢ “ memory: = - S \

REPOSITION - Asks .for positional, as weﬂ as view,_ A TN * v .
information and redraws the data set - . oo
currently in the calcu]ator S memory: . ' . . . ¢ . A

LOAD - Brings a data set from the data tape into * . . )
the caiculator s memory. ’ .o . . . . .

calcul ator S memory on the, data' tape? : ¢

- - - . . ) . . i
- ’ 605 ‘ . ~ .
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STORE/Saves the data set current‘ly-in ‘the . - .
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